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Now, for the first time 


Steam Controls Itself 
With Its Own Power 


Automatic temperature or pressure control has 
been obtained up to now in only two ways—by 
self-operating devices and by controllers utilizing 
auxiliary power such as compressed air. Readers 
of “INSTRUMENTS” know that the former are 
inexpensive and convenient but weak and slug- 
gish, and the latter quick-acting, powerful and 
accurate but sometimes costly. 

Now comes the TAG Steam-Operated Controller 
—combining all ‘‘air-op’’ advantages with ‘‘self- 
op’’ convenience and low cost.... A _ strong 
statement? Yes, but based on performance. 

Write for Catalog I-950 
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MERCOID No. 848 
One of many models in 
a complete line 
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EVERY ENGINEER 
Should Know This! 


INCE Mercoid is solving so many problems of 

automatic temperature and pressure control, in 
such wide and varied applications, we believe it the 
correct solution for your control problem. 


Mercoid Controls are electrically operated —carry 
full line current, either 110 or 220—they are sturdy 
and accurate—simple in design and therefore depend- 
able and require no servicing. 


Mercoid’s success is well established. You will 
actually be amazed at their wide application for the 
control of temperature, pressure and vacuum. 


Their cost is surprisingly low, and they will in a 
short time more than pay for themselves in a saving 
of current and fuel, reduced operating cost, decreased 
manufacturing losses and by making better products. 


Mail us today your name and address and 
we will send a description of Mercoid Con- 
trols and booklet containing blueprints of 
over 30 different Mercoid Applications. 


AMERICAN RADIATOR COMPANY 








+ 


40 West 40th Street 


Makers of IDEAL Boilers, AMERICAN Radiators, ARCO Tank Heat- 
ers, VENTO Ventilating Heaters, AIRID Air Valves, MERCOID 
Controls and devices for drying, humidifying, cooling and refrigeration. 



















ACCESSORIES DIVISION, DEPT. M 248 











New York, N. Y 
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THE LEITZ 


Micro-Metallograph 
Is Your GUARANTY 








for 
Dependable 
Micro-Analysis of 
Material: 18% Tungsten High Metals 
Speed Steel 

” Magnification a When ready to install a micro- 

-rost ct che oO - - 
250 den FF. —sScope for the examination of metals 


write us first—since we Can eas- 
ily convince you that the selection of the Leitz ““Micro-Metallo- 
graph” will prove to your distinct advantage. 
Our Equipment is the Standard of the leading 
Industrial Plants and Institutions. 
We receive constantly letters expressing how our equipment 
satisfies. One user writes as follows: 
“I wish to take this opportunity of expressing to you our ap- 
preciation for the most generous service which you have given 
on our Micrometallograph. I am sure that the policy which 
you are adopting in this matter is one that will in the long 
run lead to the firm establishment of your product in this 
country. 
You are to be congratulated for selling ‘Service’ and not 
merely microscopes. 


Yours very truly, 





FRANCIS M. WALTERS, Jr. 
Director, Bureau of Metallurgical Research, Carnegie 
Institute of Technology, Schenley Park, Pittsburgh.” 


Write for 
Pamphlet 
No. 1057 (11) 





c SS me} 
Micro-Metallograph, 
Complete with Camera, on Stand. 
E. LEITZ, INC. 60 East Tenth Street, New York, N. Y. 


AGENTS: Pacific Coast States: Spindler & Sauppe, Offices at San Francisco and Los 
Angeles, Calif. Pittsburgh District: Fisher Scientific Co., Pittsburgh, Pa. For Canada: 
The J. D. Harta Co. Ltd., Toronto 2, Canada. For Philippine Islands: Botica de Santa 
Cruz, Manila, P. I. For Cuba: Antiga & Co., Havana, Cuba. 
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N modern non-ferrous cast- 

ing practice the importance 

of proper temperature is rec’ 

ognized. The Pyro Immersion 

Pyrometer is indispensable in 

brass, bronze and aluminum 
foundries. 














Pyro 
. Immersion 
A Pyrometer 


A few of the more impor’ 
tant applications of the Pyro 
Radiation Pyrometer are tem- 
perature measurements in 


Iron and Steel Plants: 


Open hearth furnaces, soaking 
pits, heating furnaces, crucible 
furnaces, rolling and forging, cu 
polas, and puddling furnaces 


Glass, Ceramic and Brick Plants: 


Melting furnaces, kilns, enameling 
ia furnaces, enamel smelters, glazing 
kilns and cement kilns. 


Pyro 
Radiation Gas & Coke Plants: 
Coal gas retorts, combustion 
Pyrometer chambers, water gas plants and 


coke ovens 


Miscellaneous: 











Boiler furnaces, heat treating fur 
naces, incinerators, etc 


The Pyro Optical Pyrometer 
has many applications that 
are inaccessible to the instru- 
ments shown above. 


Write for Bulletins. 





Pyrometer 






Pyro 


PYROMETER INSTRUMENT CO. 
90 Howard Street New York, N. Y. 
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RAWSON 7 


ELECTRICAL INSTRUMENT CO. 
INCORPORATED 1918 
CAMBRIDGE, MASS. 
SPECIALISTS IN HIGH SENSITIVITY METERS 


SINGLE 
PIVOT 








BI-PIVOT 


RAWSON 
METERS 


Are Giving 
General 
Satisfaction 
in the 
Leading 
Laboratories 
of America 
and Abroad 


oetten 


ELECTROSTATIC VOLTMETER 
ELECTROSTATIC VOLT- 





MULTIMETER 


D. C. MULTIMETER, 13 


ranges, Reading currents from METERS, single or multiple 





1 microamp. to 1 amp. and Volt- 
ages from 50 micro volts to 1000 
volts. Suitable for use with 
RAWSON THERMO COU- 
PLES IN VACUO on RADIO 
FREQUENCIES. 
A.C or D.C. THERMAL 
MULTIMETER, 13 Ranges, 
Reading from 2 milliamps to 1 
amp and 60 millivolts to 1000 
volts with resistance of 100 
ohms per volt. Suitable for use 
on D.C. or AUDIO FRE- 
QUENCIES. 
ULTRA SENSITIVE SEMI- 
SUSPENDED METERS for 
currents from .005 microamp and 
2 microvolts. 
ANY single or multirange in- 
cluded in above can be sup- 
plied. 





range from 0-120 volts to 2500 
volts for use on A.C. of Com- 
mercial or Audio Frequency. 
Practically NO LOAD on cir- 
cuit. IDEAL for use on output 
voltages on Radio Sets and test- 
ing capacity and insulation of 
small condensers. Also OPEN 
CIRCUIT VOLTAGES ON B 
ELIMINATORS. 
WATTMETERS single and 
multirange for use on D.C. or 
A.C. having POWER FAC- 
TORS between Unity and .01 
LUSH CABLE TESTERS for 
general testing and high resist- 
ance faults. 

McCOLLUM EARTH CUR- 
RENT METERS for measure- 
ment of Electrolysis in buried 
structures. 


Write for Bulletins 


Factory & Engineering Dept. 


90-92 Windsor Street 
Cambridge, Mass. 


Branch: 
91 Seventh Avenue 
New York City 
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THE NEW K&S 
Pocket 
Radiation Pyrometer 























Contains all the necessary parts for accurate tempera- 
ture measurement in one small portable unit. 

All working parts are completely enclosed and pro- 
tected in a dust-proof housing. 


Handles as easy as a telescope. Can be used by anyone without previous experi- 


ence. Only 6 inches long by 2 inches diameter, weight 6 oz. 


For further information write— 
INSTRUMENT DIVISION 











. 7” AUF, nny 
< COLONIAL SUPPLY COMPANY >= 


—— =—/, 


























217 WATER STREET, PITTSBURGH, PA. 
Phone COurt 1042 








A Pocket Pyrometer for High Temperature 


yi 
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Photo—Microscopic Equip- 
ment 

Magnifiers, all sizes 

Binoculars 

Field Glasses 

Hygrometers 

Metallographic Microscopes 

Blue Print Dryers 


Paragon Blue Print 
Machines 


Revolute Blue Print 
Machines 


Blue Streak Blue Print 
Machines 


Continuous Printing, Wash- 
ing and Drying Blue Print 
Machines 


Anemometers 


127 Sixth Street 
Pittsburgh, 
Penna. 





METALLOGRAPHIC 









MICROSCOPE 





Aneroid Barometers 
Mercurial Barometers 
Rain Gauges 
Recording Barometers 
Testing Thermometers 
for all purposes 
Transits and Levels C 
Drafting Room Tables 
Drafting Machines 
Plan Filing Cabinets, 
Metal or Wood 
Drawing Materials 
Drawing Instruments 
Industrial Motion Picture 
Projectors 
Photostats and Blue Prints 
Blue Print Papers ‘ 
Brown Print Papers /- 











Transits and Levels Repaired 
Correspondence Invited—Literature on Request. 


B.K.ELLIOTT COMPANY 


734 Prospect Avenue 
Cleveland, 
Ohio 
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Have your stenographer cut out and file the 3 x 5 cards found bound in 
the back of this issue, listing the principal articles. They will direct you 
to valuable information to which you may wish to refer in the future. 
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SomE of the W-M Pyrometer Controllers at 
the Toledo plant of the MATHER SPRING CO. 
6 were ordered April 27, 1925 
6 were ordered October 22, 1926 
12 were ordered March 9, 1927 
24 now in operation. 


The first six were bought on a combination of judg- 
ment and faith. 


The remaining 18 were bought on experience. 


du S 
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Witson-MAEULEN (0 


INCORPORATED 


387 Concord Avenue New York 
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To Our Readers 


HE editor has monthly taken up in a message to Instruments’ 
Readers the various departments of the periodical pointing out 
the distinctive advantages. Last month a new department was o1 
ganized and called the Instruments Book Shelf. This month we have 
the pleasure of announcing the extension of this service. Chapman and 
Hall, Publishers, recognizing the excellent work of Instruments in the 
short space of six months have appointed the Instruments Book Shelf 
as their sole American agent for their new book, “The Measurement 
of Air Flow 
Books are instruments in the hands of those using them and should 


be constructed to fill a specific need just as is the case with instru 


. 
ments. They should discuss the topics with which the book is con 
‘erned with sufficient fullness so that the data can be used. All prac 
tical methods of testing and measurement should be listed and theit 
limitations, advantages, and disadvantages, if not discussed, at least 
tabulated. Tabulation permits of rapid survey of a large field, it 
stimulates analysis and comparison 

Books on instruments should be written so that the student will 
refer to them after his education is completed. They should be ar 
ranged so that it is not necessary to refer to and read earlier chapters 


to discover the meaning of the factors of equations 


Co-operative Advertising 

| Seni month the editor briefly mentioned the possible value of 
co-operative advertising to the instrument industry. There is much 

to be done along this line 

Our industrial development makes it increasingly imperative that 
we readjust our advertising and selling methods so that instruments 
will be used more extensively and to greater advantage. 

With an industry as diversified as the instrument industry, it is very 
difficult to bring about a general appreciation of the necessity for effec 
tive unified action. The editor is convinced, however, that in order to 
increase the use of instruments in industry, it is absolutely necessary to 
carry through adequate publicity and advertising 
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, ' 
At the present time there are more than 80 industries carrying for 


~ 


ward promotional ef operative basis. These many groups 
range from makers of disc wheels to growers of bananas 


In by far the majority of cases, this co-operative activity has proven 





highly beneficial and profitable. How much return might be expected 
from a co-operative instrument advertising campaign is impossible t 
inswer, since we are not buying a tangible but rather an intangibl 
1 , 1 1 r } 
something—with no assurance whatever that our efforts will be 
successful 
Yesterday's advertising policies do not meet the same success as 
formerly—buying thought and purchasing power have changed sin 
yesterday. By the same token they will be still further changed t 
morrow. Increased demand cannot be gained today by hesitant coax 
ing. It must be sought aggressively and with a well directed effort 
Just one final word regarding this most necessary sales promoti 
effort—the true and lasting results to advertising are cumulative, not 
spontaneous 
Instrument Investments 
HE purchase of instruments for measurement, control and inspex 
tion is not as most people believe an investment. Instruments ar 





petweel!l ir 
cnased If 
chasing t 
prices [ t 
7 {) , 4 > } > } } - thoro paniicr ¢ 
$160.00. If you decide to purchase the cheapest there is really 1 
investment because you must spend the minimum. If you purchase a 
ar »f pe : iW - a, ' y 5 ‘ 
pyrometer for 90 you are investing 92 lor 9d 1 are 

é : 
vesting 940.00 and so on 


. , 
You depend upon this investment for better results as a consequence 


4 > | 
of greater accuracy, greater sensitivity, greater sturdiness, better opera 


. ’ : ; : 
‘ > on Pee ao ka + - eur > ¥> > ~ + , 
tion, less service to keep in satisfactory operation, longer life, etc. Thus 
+ the San TI if friiment 1] brit y b + mo £ +} > me +> mnt 
lr tine ¢ instrument Wll ring aDOut a Saving OT the same amount 
‘ ~ ] 47 CY ‘ + 
as the $40.00 pyrometer and will take less repairing and will operat 

S| 7 7 77 7 
satisfactorily for longer periods, it is probable that the $4 nvestment 
oe Lt, 
is worth while 
D t be afraid to pay a higher price for a thing that is bette 
O not e afraid te pay a higher price for a thing that 1s Detter 


Broadening the Markets for Industrial Instruments 
S manufacturing becomes more and more complicated, it must 
more and more resort to instruments for measurement, inspec 
tion and control. Some people state there are thousands of applications 


of instruments in industry. The fact is that there are millions of cases in 
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which instruments can be used; no two of which are exactly alike. It is 
impossible to suit the million applications and designers and manufac 
turers of instruments should therefore plan their instruments so that 
they can be used for a wide variety of the applications which are 
almost identical. 

In too many cases instrument companies have unnecessarily re 
stricted their markets to particular applications and industries. With 
minor changes of almost negligible cost, their products could have 


much wider sales possibilities. 


Our New Collaborators 


HREE new names have been added to our lists of collaborators 
This is in line with our policy to add to the editor’s advisers men 
who are specialists in their field 
. V. Baud, Research Engineer, Research Laboratory, Westinghouse 
R. V. Baud, R h I R h Laborat West 
Electric & Manufacturing Company, East Pittsburgh, Pa 
H. L. Hazeltine, Chief Engineer, Sterling Varnish Company, Pitts 
burgh, Pa. 
Dr. Foster D. Snell, Consulting Chemist, Honorary Secretary of the 
American Section of the Society of Chemical Industry, author of a book 


on colorimetry, New York, N. Y. 


Errata: A Simple Optical Arrangement for Photo- 


Elastic Experiments 
HREE typographical errors were made in this article which ap 
peared in the July issue. In Fig. 1 the light ray leaving surface K 
should have been marked I,. In Fig. 4 instead of K =A, this should 
read R=A,. On page 308, seventh line from the bottom instead of 


p—q this should read p=q 


1853-1928 


On this, our 75th Anniversary, it is fitting 


that we should 
pay tribute to the two men whose foresight and industry have 
made possible this institution—an enduring monument to their 
perseverence and the progress of optical science 
To the friends whose confidence and patronage have made 
possible our success, we extend our cordial appreciation 
BAUSCH & LOMB OPTICAL COMPANY 
Rochester, N. Y., U.S.A 
E extend our hearty congratulations to the Bausch & Lomb 
Optical Company in honoring the two founders of their 
company. 
The motto of this company “To Greater Vision through Optical 
Science” conveys the purpose of this company’s extensive activities 
May they continue to serve humanity for all time 











Page 346 INSTRUMENTS August, 1928 
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eee JESTS are received daily for back issues of INSTRUMENTS 


and we are sorry that it is not possible for us to comply with 
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In answer to our appeals for the return of copies of this issue we 
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The Geodetic Level Rod—Its Design 


and Methods of Construction 
D. L. Parkhurst, Washington, D. C.* 

N geodetic surveying, where differences in elevation must be de 
| ae with the utmost practical precision, ordinary leveling 
apparatus is insufficiently accurate. 

The outfit commonly used by engineers in running an ordinary line 
is the Y level in conjunction with the Philadelphia type of rod. The 
level is usually made of brass, which has a high temperature coeffici 
ent of expansion. The bubble vial is seldom more accurate than 10 
seconds of arc per 0.1 inch graduation and the rod is made of wood 
with printed divisions. The accuracy obtainable with this apparatus 
is sufficient for all ordinary purposes; but for geodetic leveling, where 
the lines are extended for great distances and the probable accidental 
error must not exceed plus or minus 1 mm. per kilometer, special 
equipment is necessary and the construction of a rod suitable for this 
purpose has presented some interesting problems 

The rod, shown in Fig. 1, consists of a graduated metallic strip, 
rigidly attached to a metal footpiece, the later being fastened to a 
wooden backing which supports the strip 

The wooden part is 1% inches thick by 3¥@ inches wide, the over- 
all length being 10 feet 8% inches 

For leveling the rod, a spherical bubble is mounted on a step on 
the back of the rod, as far down as possible so that the line of sight is 
nearly vertical, and in order further to eliminate parallax, the reference 
circle is placed on the underside of the glass which forms the top of 
the level vial. The rods are used in pairs as forward and back sights 
are made from the level station and care is exercised in selecting them 
so that their coefficients of expansion and correction indices are prac- 
tically identical 

In order to reduce the effect of temperature changes the graduated 
strip, about 3.3 meters in length, is made of invar, a nickel-iron alloy 
having a temperature coefficient of about 0.000002 per degree centi 
grade, which is approximately one-fifth that of iron. In other words, a 
temperature change of 50° F. would cause a difference of only eight 
one-thousandths of an inch in the entire length of the strip. This 
small amount is corrected for by computation, thermometer readings 
of the temperature being taken while the rod is in use. 

The invar strip A, referred to above, is fastened to a cast-steel foot- 
piece B by a brass machine screw and 3 bronze dowel pins. The 
strip is 26 mm. wide and 1 mm. thick. The lower surface of the foot 
piece is casehardened and ground flat and normal to the surface against 
which the wooden back C is fastened and which is also ground flat 


*Chief, Instrument Division, U. S. Coast and Geodetic Survey 
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The back is made of a single piece of well-seasoned, straight-grained 
white or sugar pine, free from knots or other defects. This wood was 
chosen as being one of the lightest and stiffest and reasonably free from 
tendency to warp. This is securely fastened to the footpiece by four 
brass screws in the face and two more at the end. The face of the rod is 
concave, the recessed part being 1% inch below the edges. In addition, 
a shallow groove, slightly wider than the invar strip is routed out 
through the entire length at the bottom of the concavity deep enough 


so that the strip is free to move underneath a number of brass washers 
cut in to set flush with the face. A handle for convenience in carry 
ing is attached to the back, near the center of gravity. 


——) 








EO OS Oe Oe St ee Oe ee 


ax — = 





Fig. 1 

To prevent swelling; the wooden back is treated with a heavy coat 
of raw linseed oil, three coats of orange shellac, and two coats of 
white lead paint. This treatment furnishes an excellent protection 
against moisture and does not affect the resilience of the wood. 

The thermometer used for determining the temperature of the strip 
is graduated to 2° C. and is of special construction, with a fine capil 
lary and having the bulb bent backward at 45°. This is set in a recess 
in the wood, the bulb resting against the rear surface of the invar strip 

In order to eliminate any error which might occur due to sagging 
when the rod is held erect, the strip is placed under tension by a stiff 
spring set into a recess in the back and pressing against a small brass 
angle plate attached to the top of the strip. 

The graduations are in the form of alternate squares of black and 
white painted on the invar strip. As metric units are used the squares 
are 1 cm. in width. To furnish a check on the observations the rear 
surface of the wooden back is graduated roughly in 30th parts of a 
meter. Both sides of the rod are read and recorded at each station, 











’ 
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thus eliminating the occasional gross error caused by an incorrect read- 
ing which might remain undetected if a compensating error of similar 
magnitude were made on the opposite running of the section. 

The graduations were formerly applied by coating the strip with 
white paint, shen placing it beside a master scale and transferring the 
dimensions by means of a steel square and scriber. The black squares 
were then filled in by hand, a most tedious process. With this method 
it was impossible to obtain uniformity of width, as the scriber cut 
a shallow groove of finite width, causing a general tendency for the 
black squares to be wider than the white. Irregularity of the lines 
of demarcation was also unavoidable. A graduating machine has been 
designed and built by the Survey to do this work with greater 
accuracy and speed. 

In the present method, the invar is given a suitable priming coat 
and then sprayed with several coats of white pyroxylin lacquer, rub 
bed down between coats. This finish is very tough and shows little 
tendency to spall off even when badly cut or bruised. 

The graduating machine (Fig. 2) is based upon the comparison 
method, thereby avoiding the necessity for cutting a long and accurate 
lead screw and for working at constant temperature. An invar bar of 
the same physical characteristics as the strip, accurately ruled in 1 cm 
spaces, is located in a groove at the rear of the machine. A micro 
scope is mounted on the carriage having a pair of fine parallel tung- 
sten wires in its focal plane. Small electric bulbs placed beside the 
microscope tube shine down upon the comparator bar causing the 
ruled lines to stand out brilliantly. The tungsten wires show as in 
tensely black lines against this brilliant background, and the setting of 
the carriage is surprisingly easy. 

The cross slide of the carriage carries a vertical element on which is 
mounted a cup-shaped turreting mask having four rectangular slots 
1 cm. wide cut in its rim. The turret is lowered and pressed against 
the work by a small eccentric, and the open space is sprayed with a 
quick-drying black paint by means of a small air brush. As the mask 
is raised vertically no difficulty is experienced with smearing the 
paint, and it is not necessary to wait until it dries. As soon as a square 
has been painted the mask is raised and the carriage traversed to the 
next space and the process repeated. 

The multiplicity of openings is desirable to facilitate the cleaning 
away of paint accumulating along the edges of the mask, without 
delay to the work. 

The resulting graduations, both white and black, are all of the 
same width. The lines of demarcation are straight and sharp, and the 
sharpness is enhanced by the thinness of the film of black, which does 
not provide a raised and shining surface to cause annoying reflections 

In the former process the initial meter line was laid off roughly 1 m 
from the foot, a scratch line being made on the metal of the strip at 
this point, the actual distance being carefully measured later. This 
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gave an odd figure for the index correction to be used in computation 
To remedy this, stops for the strip and comparator bar have been 
provided at the end of the machine, so adjusted that when the strip, 
with its pays is placed in position the 1 m. graduation of the bar 


is exactly 1 m. from the lower end of the footpiece 

The to is transferred from the bar to the strip by means of a 
scriber and a sort of tee square of cast iron which slides in a Vee 
groove in the machine bed. A microscope similar to that on the ca 
riage is mounted on the blade of the square, so that the lines on the 


+ 


reference bar may be observed through it. A short straightedge at 
the other end, over the strip, serves as a guide for the scriber. The 
meter space may thus be readily transferred 

To facilitate the setting of the machine, a sma 
scope is mounted rigidly on the vertical slide. It carries a single wire 
in its reticule, which is adjustable. When properly set, this wire is 
an exact number of inches from the edge of fie slot in the mask, con 


| additional micro 


sequently, when it is located directly over one of the meter lines pre 
2 I 


1 
jo Im tr 


viously ruled on the invar strip, the machine is in the proper 


AOCTION 
position 


to commence work 

The use of this machine has greatly speeded up the work of app 
ing the checker work graduations as well as insuring their accuracy, 
and it is now possible to graduate a complete rod in about three hours, 
whereas, by hand it took from one to two days. The spacing is far 
mere accurate and the edges of the squares are sharp and straight 
These factors will increase the accuracy and speed of ‘afer ing and the 
fact that all rods are practically alike will greatly facilitate the work 


1 
ly 


of computation 
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Measurement of Temperatures 
In Boiler Furnaces 


J. A. Stein, Pittsburgh, Pa. 


-—. need for a practical, accurate method of measuring boiler 
furnace temperatures is often felt and the view is held in some 
quarters that this would be one of the more important temperaturs 
measurements in the boiler house. Not only does this provide a means 
of preventing damage to furnace refractories, stoker parts, etc., but 
such measurements also are usually a good guide as : caaaiiaad ion 
efficiency. On boiler tests furnace temperatures samedi are quite 
important. Such temperature measurements are possible of attain 
ment and an effort will be made here to show how these measure 
ments may be most feasibly accomplished: 

There are a number of types of ijeresug devices available for 
the measurement of high temperatures, which include thermocoupl 
optical pyrometers and radiation pyrometers Let us briefly prdacie es 
the applicability of these various devices to the measurement of boile1 
furnace temperatures, where the epeateres may go as high as 
3000° F. and in exceptional cases, higher 

Considering the rare metal thermocouple for this application, we 
may say it is, of course, accurate and furnishes continuous readings 
which may be recorded. Such readings would be a measure of both 
flame temperature and refractory temperature to a certain extent 
However, rare metal thermocouples prove unsatisfactory for this ap 
plication due to the necessarily short life of the protection tube in 
which the thermocouple must be encased. No protection tube known 
will withstand these higher furnace temperatures for any length of 
time especially when considering the erosive action of molten slag 
from the furnace walls. Deterioration of the thermocouple protection 
tube usually necessitates reconditioning or replacing the expensive 
thermocouple elements. 

In tke optical pyrometer, we have a device to some degree more 
suitable. It is, however, strictly a portable instrument and requires 
a practiced operator, on whose skill the accuracy of the readings de 
pends. Using this instrument, the intensity of a glowing lamp fila 
ment is matched with the intensity of the object or field sighted 
through the optical pyrometer telescope. Flame temperatures may be 
approximated if opaque luminous flames are sighted upon, provided 
that no considerable smoky condition is prevalent in the field of 
vision. However, since flame temperatures constantly fluctuate in in 
tensity, much faster than it is possible to adjust the filament intensity 
of the instrument, it is usually impossible to obtain better than an 
average reading between high and low flame temperature fluctuations 
If the flames depart appreciably from the opaque condition the optical 
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pyrometer cannot be used to measure these flame temperatures. Under 
some conditions, boiler furnace atmospheres may closely approach 
clearness. In such cases the optical pyrometer can be used to measure 
the temperature of the opposite walls. 

This now brings us to the radiation pyrometer, which has in recent 
years been developed very highly. Such instruments measure the 
temperature of a glowing surface, such as opaque flame or refractory 
walls, by converging the radiated energy emitted by such surfaces on 
one or more small thermocouples or bimetallic thermostat. The small 
thermoelements quickly heat up (in a few seconds) and the milli 
voltage developed by these thermocouples or the deflection of the 
thermostat is a direct measurement of the desired temperature, under 
proper conditions. 

In measuring opaque flame temperatures with a radiation pyrometer, 
it is necessary to see that no appreciable smoke is present in the field 
of vision. The instrument reads continuously, integrating the tem- 
perature of a considerable flame area, and would constantly follow 
the varying flame temperature. If the flames are of a translucent or 
transparent nature, the radiation pyrometer reading would be an aver- 
age between the actual flame temperature and the temperature of the 
opposite wall. If the boiler furnace atmosphere approaches clearness, 
the radiation pyrometer, like the optical pyrometer, will read the 
temperature of the furnace walls in the field of vision of the instru- 
ment. Such refractory temperatures are to some extent a measure of 
flame temperature except in the case of certain water cooled wall 
construction. 

Radiation pyrometers are available in either portable form or for 
permanent installation. The portable pyrometer can be mounted on a 
tripod or held in the hands of the user, and should be sighted into 
the boiler furnace through an opening in the furnace setting. If no 
inspection doors or other openings are located at the points where 
temperature measurements are desired, it would then be necessary to 
make a small hole in the setting, through which the instrument can 
be sighted. 

The radiation pyrometer for permanent installation is made up of 
two separate parts, namely, the radiation pyrometer itself, or as it is 
termed, the radiation set, and the millivoltmeter, calibrated in degrees 
Fahrenheit or Centigrade. The radiation set should be mounted on 
the outside of the boiler furnace setting and sighted directly into the 
furnace through a small sighting hole. Any effect on the furnace 
operation of having this open sighting hole (not more than 2 inches 
in diameter) will be negligible. The radiation set is installed in a metal 
housing, for protection both against mechanical injury and excessive 
heat. The millivoltmeter, which may be indicating or recording, can 
be located wherever desired, any reasonable distance from the radiation 
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It should be mentioned that sometimes in place of the open hole in the 
boiler furnace setting, a closed end glowing tube is fixed in the furnace 
wall, extending into the combustion chamber. The radiation pyrometer 
is then sighted into the closed end of this tube, which, of course, is a 
measurement of the furnace temperature. However, the use of such a 
closed end tube will cause a slight error, unless a very long tube is used, 
and introduces a time lag factor, which will vary with the material and 
thickness of the glowing tube. Also, of course, these glowing tubes will 
require replacement from time to time due to the high temperatures 


and erosive slag action. 


SNOW DENSITY 

Measurements of the density of snow in the Sierra Nevada Moun 
tains of California have been made every winter for many years for 
the purpose of determining the water content, thus indicating the 
probable amount of water available for irrigation and hydroelectric 
power during the following dry season of summer. These density 
measurements of the snow cover by foot layers made during five con 
secutive years at Summit, California, altitude 7,017 feet, indicate that 
there is a lack of uniformity in density in different layers of deep snow, 
due to changing weather conditions during the accumulation of the 
snow cover. In the intervals between storms, icy crusts of varying 
thickness and density are invariably formed. The density of lower 
layers bears no constant relation to the density of the top layer. The 
average density for the whole snow cover for the five years ranged 


5 tA 


from 32% in midwinter to 54% in May.—Tycos-Rochester. 


The exclusive manufacturing and sales rights to Paulin System in 
struments covering the United States, Canada, Mexico, South and Cen 
tral America, China and Japan are owned by The American Paulin 
System, Inc., 1220 Maple Avenue, Los Angeles, and it is significant 
to note that the exclusive manufacturing license for territories other 
than those mentioned, has been acquired by the Swedish corporation 
which manufactures and distributes the Johansson Precision Gauging 
Blocks and accessories, renowned throughout the engineering and manu 
facturing world. The Johansson Precision Gauging Blocks are made 
and sold in this country by a division of the Ford Motor Company 
known as C. E. Johansson, Inc. 

The Paulin System is covered by patents in all civilized countries. 





Mr. R. D. Kelly of the Instrument Section of the Army Air Corps, 
Dayton, Ohio, assumed charge Aug. Ist, of the Aeronautical Instrument 
Department of The American Paulin System, Inc., Los Angeles, Calif 
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Instruments for the Solution of 
Triangles and other Polygons 


Joseph Eugene Rowe, Ph.D., Williamsburg, Va.* 


HE U. S. Patent Office under the date of Feb. 28, 1928, issued 
two sets of letters patent Nos. 1661095 and 1661096 upon in- 
struments for the mechanical solution of triangles and other polygons 
The possible application of these instruments to problems in every 
day life may be briefly summarized as follows: 

(1) To simplify computations in surveying 

(2) To be the basis of a set of automatic surveying instruments. 

(3) To be applied both directly and indirectly as range-finders in 
artillery on land and at sea. 

(4) To have constructed upon these as a basis instruments for 
locating the position of a ship at sea or of aircraft, AND TO EN 
ABLE AN AIRCRAFT TO LOCATE ITSELF. 

(5) To aid in teathing mathematics in such a way as to humanize 
and practicalize this subject. 

The Trinometer, the instrument which solves triangles mechanically 
and simplifies the finding of their areas, is nothing more than a tri 
angle whose parts may be fixed at given values; when a set of de 
termining parts are given, the triangle is fixed and the unknown parts 
may be read from the instrument. Its operation is simplicity itself, it 
involves no knowledge of logarithms and no knowledge of trigono 
metry; the fundamental principle involved is that of similar triangles 

In each of the simple instruments shown in the photographs, the 
triangle to be solved is ABC. In these instruments, the two angles 
A and B are read directly from circular scales and the lengths a, b, c, 
AD, and h are (at the points indicated) read directly from straight 
way scales. The third angle is found as the supplement of the other 
two. These are called plain-scale trinometers because no verniers are 
used in reading the circular or straightway scales. However, such finer 
readings are amply provided for in the patent specifications 

The accuracy of the instrument depends entirely upon the quality 
of workmanship employed in its construction. Instruments may be 
made to solve triangles as accurately as is required in ordinary prob 
lems. In fact, the matter of accuracy in solution is one of accurately 
reading what the instrument says rather than one of accurate function 
ing of the instrument. The instruments shown in the photographs 
have been designed to solve triangles correct to within 1%. In prac 
tice, they give much better results. 

Instruments may be provided with locks which control both ro 


*Director, Extension Department, College of William and Mary 
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tation and extension of the bars but in practice, except in unusual 
cases, it has been found unnecessary to provide for the locking of 
rotational movement separately as this can be accomplished by the 
locking or the lengthening of a bar. 

The manipulation required to solve triangles is briefly summarized 
below, which description must be read with reference to the 
photographs. 

SOLUTION OF TRIANGLES 

1. Given two sides and the included angle. Slide bar b through its sleeve 

until one given side is recorded at the point marked “Read b,” and lock this 


movement by screw. Slide the mechanism B along the base bar until the sec- 
ond given side is recorded at the point marked “Read c;” lock with screw. 
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Slide a through its sleeve on the mechanism B until the given angle is recorded 


point marked “Read angle A;” lock a or the angle A. Read a and 
angle B at the points marked. C180 A-——B. Now slide r th 

bar until the angle ADC = 90°. Read the altitude h and AD at the points 
indicated. AREA = Vo he. 


2. Given two angles and the included side. Lock the given side 


at the 





- equal 
Slide the arms a and b through their sleeves until the given angles are recorded 
as A and B. Lock these parts and read the unknown parts at 
dicated. Or, take the given side as b, a § ngle as A, and the suppl 


1. Fi 


of the angles as B. Lock, and read the unknown pa as indicated 


le points in 
ment 


¢ 
] 
1d area 


as in the last case The second of these two methods is to be pre ferred 
3 Given three sides Fix the three sides Read the al gles A and B Find 


C as their supplement. Find area as above 


4. Given two sides and an angle opposite one of them. Fix the given angl 
as A, the adjacent side as b; push the mechanism B to the right until the 
opposite side is recorded as a; push the mecha I D to the left until the 
opposite side is recorded as h. Read the two solutions. Impossible solution 
and one solution cases will appear by following this manipulatior 

THE TRINOMETER PROBLEM. An engineer measures two angles of 


base; then he measures the 


the Trinometer problem 


>d distance, and B 


elevation of an object at points on a line with its 


distance between them. To find the unknown parts is 


Fix A the smaller angle of elevation, « the measurec 
supplement of the larger angle of elevation. Slide D until the angle ADC 
90°. Read a, b, h, Ad, and BD as the required parts of the configuration. The 
triangle may be fixed also by the second method outlined under case 2 
To find 357 cos 30° 25’. Make b 37. o 90°, and A 30 read a 
and c as 357 sin 30° and 357 cos 30 Do the same, making A 31°; read 
357 cos 31° Interpolate to find 357 sin 30° 25’ and 


a and cas 357 sin 31° and: 
357 cos 30° 25’ 


To find 834 tan 38°. Make A 38°, B 90°, and « 834: read a as the 


required quantity, and b as 834 sec 38 

In Fig. 1 above the side c has been set equal to 300, the angle A has been 
made equal to 25°, the angle B made equal to 140° (that is, the angle of 
elevation of the a-bar is made equal to 40°). Thus, the triangle ABC is fixed 
and we may read the length AC (or b) at the point indicated, the length BC 
(or a) at the center of the mechanism B. See also Fig. 2 

In Fig. 2, we may read from the same setting the distance AD and the alti 
tude h at the points indicated 

The finding of these four distances, having given a base line and two angles 
of elevation, is called “the Trinometer Problem.” This form of the Trinometer 
is designed to be on a table, or desk 

In Fig. 3 is the design of a Trinometer to be held in the hand for class 
room work in the rapid solution of triangles. The triangle has been set by fix 


¢ 


ing any three determining parts. Leaving the h-bar and é 
triangle will be rigid, the mechanism B is moved as indicated in Fig. 4. If the 
a-bar is moved to a perpendicular position, the altitude of the triangle can 


read at the center of the B-mechanism. Also, by moving the mechanism B to 
the proper position along the base-bar, the length of a median, or the length 
of a bisector of an angle can be read at the center of the mechanism B 

In Figure 5 we have a model showing how an additional bar and an addi- 
tional mechanism can be inserted to form a tetranometer for the solution of 


quadrilaterals. 


The Roller-Smith Company, 233 Broadway, New York, N. Y., an 
nounces the appointment of Mr. Elliott E. Van Cleef, 53 W. Jackson 
Boulevard, Chicago, Ill., as its District Sales Agent in the Chicago 
territory. 

Mr. Michael B. Mathley, who has been connected with the Chicago 
office for many years will be associated with Mr. Van Cleef 
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Design of Instrument Transformers 


James S. Martin, Springfield, Ill.* 
[* the discussion which is to follow it is not our intention to d 


deeply into or to dwell at great length upon the purely technical 
side of the subject. On the other hand I cannot avoid entirely the tecl 
nical considerations involved in the transformer. But in the dev 
of this topic the one outstanding thought which I have had in mind 
this: that here we are assembled together—professors of Electrical E: 
gineering, practical meter men, some young in the game and others wh 
can look back over many years spent in developing meter departments 


up to their present high standing—and as a third part in this gr 


~ 


have the manufacturers’ representatives. Now whoever designs a tran 


former or a meter or a testing rack or perchance a new system for kee] 
ing the records in your departments, should keep in mind that whatever 
it is that is designed must be satisfactory to all of the roups which 


are represented here. The design first of all must be theoretically cor 
rect—how else can it satisfy the man 
academic phase of the art? Again t 
else can it satisfy the man who eventually must use it? Again the design 
must be capable of being manufactured at a cost comparable with t 


importance of the device being designed. So in the development of thi 


discussion of the subject of Instrument Transformer Design it has bee: 


my hope that somehow the discussion might bring us all a little clo 
together in our thinking, and in particular that you practical meter men 


as well as you who represent the technically trained staff of the industry 
might realize how fully the manufacturer appreciates both the theoreti 
cal and practical requirements in instrument design and to point out 
I may, some of the ways in which we have attempted to meet these ri 
quirements 

Instrument transformers are primarily auxiliary devices used in 


nection with electric meters to bring about a practical solution of the 


problem of supplying adequate insulation and current carrying capacity 
of the electric circuits in the meter. In addition to the roregoing funda 
mental uses of instrument transformers might be mentioned also the us 


t 


of instrument transformers as a means of promoting standardization o 


all watthour meters, wattmeters, ammeters. et cetera. m 


equipment. For example, the use of current transformers in order that 


same current rating in their series circuits—usually five amperes. Or 
bring about some fictitious 
condition of voltage or current which when combined with a meter 


again instrument transformers may be used to brin 


which normally measures one quantity will give rise to a regists 


*Assistant Chief Engineer 
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ture presented before 
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which is proportional to some other measurable function of the circuit. 
A phase shifting transformer used in connection with kv-a. measure- 
ments would exemplify this latter application. Instrument transformers 
are also used in connection with the operation of devices other than 
electric meters, but their application in such fields will not be discussed 
in this paper. 

More specifically in electric metering two classes of instrument trans- 
formers are commonly employed: Current or Series transformers and 
Voltage or Potential transformers. The essential parts of both voltage 
and current transformers are the same and are also the same as the parts 
of power transformers. 

The function of an instrument transformer is to deliver to the electric 
meter to which it is connected a voltage or current, insulated from the 
line voltage, which is under all conditions of the circuits involved pro- 
portional to the primary voltage or current and for most metering re 
quirements the secondary voltage or current must also be in phase with 
the primary voltage or current. The percentage by which the secondary 
voltage or current differs in magnitude from being exactly proportional 














PRIMARY >=: 
<— CORE . 
Fig. 1 
SECONDARY Diagrammatical Sketch of 
Typical Current Transformer. 
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SECONDARY BURDEN 
to the corresponding primary function is called the ratio error of the 
transformer. The angle by which the secondary voltage or current differs 
in phase from its primary counterpart is called the phase angle of the 
transformer. The effect of any given ratio error upon the accuracy of 
the metering installation is always the same. The effect of phase angles 
depends upon the phase displacement between the voltage and current 
in the supply circuit. The effect of instrument transformer phase angles 
is least for unity power factor loads and increases rapidly as the power 
factor is lowered. In general ratio errors which are inherent to the de- 


sign of the transformer can for some particular condition of use be com 
pensated for by making the actual ratio of turns in the windings slight- 
ly different from the theoretical ratio of the transformer. In some in- 
stances errors due to phase angles may also for one particular circuit 
condition be compensated for by changing the phase relation between 
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the fluxes in the voltage and current circuits of the watthour meter. It 
is readily seen that these two methods of compensating for ratio and 
phase angle errors are limited in application to cases in which the circuit 
conditions which influence the behavior of the transformer are constant 
This condition is nearly realized in the use of potential transformers 
but with current transformers load conditions vary over wide limits and 
so the elimination of transformer error is a much more difficult problem 

Let us now make a somewhat more detailed study of the current 
transformer. Fig. 1 shows a diagrammatical sketch of a typical current 


transformer. Fig. 2 is the vector diagram of the ideal current trans 
former. In this case n is the ratio of turns and the primary current I, is 


exactly equal to nl, and exactly in phase with I, reversed. 


he I, =nl 
Fig. 2 
Practically the actual transformer is more nearly represented by the 
vector diagram shown in Fig. 3. Here the primary current represented 
by P consists of two component parts S’ and I. I represents the exciting 
) | I ‘4 


current necessary to establish the flux ® and the corresponding secondary 





P 
Fig. 3 
on Vector jAmpere- turn 
a c TY 
a9 Diagram for a Nom 
—_ | 
= nal One-to-one Ratio 
—— — a Current Transformer. 
Cc O . 
~ ¥ 
Bins” 
ze 


voltage E. S is the secondary current which lags behind E by a certain 
angle ¥. This angle is determined by the power factor of the secondary 
burden on the transformer and by the resistance and leakage reactance 
of the secondary winding. The exciting current I is made up of two 
components. The first C is the core loss component while the second M 
is the magnetizing component. The value of I together with each of its 
component parts varies for every different condition of secondary load 
and of secondary load burden. In every case S’ which is the reversed 
secondary current will be the vector difference between the primary 
current P and the exciting current I and in general will not only differ 
from P in magnitude but will also have a certain phase difference in 
dicated by «. 

It is very apparent from this diagram that whatever errors of ratio 











362 INSTRUMENTS August, 1928 


Page 


or phase angle exist can be charged to the effect of the exciting current 
I. This exciting current I in turn is not constant nor are its core loss 
and magnetizing components always in the same proportion since I, M 
and C all depend upon the value of the flux density in the core. This 
flux density is a function of (1) the frequency of the supply source, (2) 
the impedance and power factor of the burden connected to the sec- 
f the current itself. Another possible 


ondary circuit and (3) the value « 
cause of variation in the core flux density would be variations in wave 
form of the current flowing. This, however, can be shown both by cal- 
culation and actual test to be in general a negligible consideration. 


Fig. 4 shows the ratio and phase angle curves of a typical transformer 
Notice that both ratio and phase angle change for changing loads and 


that these changes are most rapid at the lighter loads where the exciting 


current forms a larger part of the primary current 
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Fig. § shows the way in which the components of the exciting cur 
rent vary with the load on the transformer. 
Referring again to Fig. 3 it is quite readily seen that when the sec 


ondary burden is non-inductive or nearly so, the ratio of the transformer 


will be affected chiefly by the core loss component of the exciting cur 
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rent and the phase angles will be largely dependent upon the magnetiz 
ing current. In fact it has been pointed out by many writers in this 
connection that for non-inductive secondary burdens the ratio and phase 
angle can be very closely represented by the formule 

C 


M 
and tan @ . This means that the ratio tends to become equal to 
n I 
the number of turns as the current increases and that the phase angle 
becomes more nearly equal to zero as the current increases. Now instead 
of thinking of the core loss component of tl 
us think of the core losses expressed in watts by the usual formula: 

W = K B* where W is the total iron loss in watts, B the maxim 
flux density and e and K constants for a particular transformer at a given 
frequency. Under this condition for a non-inductive secondary burden 
it can be shown that the usual ratio curve occurs when e is less than 2 
but that for a value of e = 2 the ratio curve would become a horizonta 
straight line. To fulfill this condition of e ? there must be either no 
hysteresis losses so that all of the iron losses are due to eddy current 
which losses do vary with the square of the flux or else the hysteresis 
losses should also vary with the square of the flux density. Having now 
shown the condition for a straight ratio characteristic, it 
served that this condition is extremely improbable since the assumption 
of hysteresis losses being expressed W B* is not tenable when it is ri 
membered that B varies over a range of from approximately 10 lines to 
1200 lines, per sq. cm. in the usual current transformer and the so-called 
Steinmetz constant for hysteresis losses becomes a variable with a wide 
range of values. 

For a more exhaustive treatment of the subject of tl 
iron losses and performance curves of current transformers I would 
refer you to a paper on this subject 
Agnew then of the Bureau of Standards. A study of Dr. Agnew’s 
paper will show that if certain conditions governing iron losses can b 
met, the perfect transformer will result, bi t 
a popular expression “try and do it.” The point which I wish to em 
phasize is this: that in this case as in many other cases in design, ideal 


performance is predicated upon assumptions which are practically never 


realized. Nature and science togeth r. bountiful as they have heen, are 
still withholding from us materials and processes which we can describ 
but as yet have not seen or experienced 

Returning again to the practical problem of eliminating or at least 
aduae ; | a ee er ee 
reducing ratio and phase angie errors, four methods present themselv 


¢ 
The first to which I would direct your attention involves the number 


of ampere turns. Referring again to Fig 
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rent I, which we should remember is the chief disturbing influence in 
the transformer, depends in value upon the required secondary voltage 
E. Also the value of I depends upon the number of primary turns since 
the flux ® is set up by a certain number of ampere turns and as the 
number of primary turns is increased the value of I for a given second- 
ary voltage is decreased. However, as the number of secondary turns is 
increased, the secondary resistance and reactance also increase, thus in- 
creasing the required value of secondary voltage E for any certain load 
and burden. Without going into a more detailed discussion, it will prob- 
ably sufice to say that in a one-stage transformer there is a certain 
number of ampere turns which will give best results. This number in 
the best grade of modern transformer varies from 1200 to 1800 ampere 
turns. At this point we see that in high tension metering requiring 
bushing type transformers, the number of ampere turns at full load is 
limited to the number of primary amperes so that for a 200 ampere 
bushing type transformer at full load there would be only 200 ampere 
turns and such a transformer would be certain to have rather bad 
characteristics. 

The second method of reducing transformer errors consists in making 
the impedance of the transformer windings as low as possible. Assum 
ing for the moment the secondary burden on the transformer to be zero, 
then with perfect coupling between primary and secondary windings 
and with zero resistance, the exciting current I would be reduced to 
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zero and the errors would no longer exist. In well designed transformers 
the resistance of the windings is negligibly low, but unfortunately the 
coupling between windings is not perfect. As insulation requirements 
demand greater separation the leakage reactances increase and the 
values of E, ® and I all become larger. The limiting case is again found 
in the bushing type transformer where the leakage reactances are at 
their worst, due to the wide separation between primary and secondary 


windings. 
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A third possible solution of this problem would be to replace the high 
silicon steel ordinarily used for the transformer core with some material 
whose magnetic properties were such as to require a much smaller com 
ponent of exciting current. Some such materials have been developed in 
recent years and are known by such trade names as nicaloi, permalloy, 
hypernik, “A” metal and others 

Fig. 6 shows the core losses of ring punchings of hypernik compared 
with silicon steel over the range of flux densities ordinarily met with 
current transformers. 

Fig. 7 shows phase angles of two 500-5 ampere ring type current 
transformers, one built with hypernik and the other with high silicon 

Fig. 8 1s ratio curves for similar transformers 

We note a very appreciable improvement brought about by the use 
of this nickel alloy. It might be added at this point that the cost of thes« 
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special alloys would be many times the cost of silicon steel. Howéver, 
in the case of the two design principles already discussed, the efficiency 
of the use of the special alloy decreases rapidly as the insulation require 
ments are increased and as the number of ampere turns is decreased. A 
a result of this inherent tendency, a high tension transformer of say 
200 amperes primary and used in connection with a 100,000 volt bush 
ing would have unsatisfactory characteristics, even though the core were 
made from the best available alloys. 

We have now outlined the ordinary design methods employed in the 
usual type of transformer all of which have to do with minimizing the 
exciting current I, and all of which fall far short of the ideal in the case 
of high voltage transformers, particularly of the bushing type. I would 
now like to direct your attention to the fourth method which attempts 
not to remove this disturbing current I from the picture, but rather at 
tempts to introduce a new element which is corrective in its nature and 
very closely approximates the ideal transformer. I refer now to the two 
stage transformer invented by H. B. Brooks of the Bureau of Standards 
and subsequently developed into a practical, commercial form and first 
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offered for sale by the Sangamo Electric Company in 1921. Referring 
again to Fig. 1 we see a typical one-stage current transformer having 
one primary winding, one secondary winding, and one core. 

Fig. 9 shows the elementary diagram of a two-stage current trans- 
former which is in effect two transformers in one. The first built upon 
the principal core if taken by itself would yield a secondary current ap 
proximately correct in ratio and phase but being subject to the disturb 
ing factors of magnetization and so forth, which are common to all one 
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through the windings of the second or auxiliary transformer, the ratio 
of turns of which is exactly equal to the nominal ratio of the transform 
er. These two windings, however, are wound in such a direction that the 
magnetizing effects of the two currents are opposed to each other and 
the resulting flux in the auxiliary core is due only to the difference be 
tween the currents in the primary and secondary winding. The aux 
iliary core also has another winding called the auxiliary secondary, hav 
ing approximately the same number of turns as the principal secondary 
This winding is connected to an additional current coil in the meter. 
Now if operating conditions are such that the secondary current hap 
pen to be exactly correct in magnitude and phase, the ampere turns of 
the two windings on the auxiliary core will be equal and opposite to 
each other, and no magnetic flux will be produced in this core and like 
wise there will be no current in the auxiliary winding. If, however, as 
is usually the case, the principal secondary current differs either in mag 
nitude or phase from the primary, then a flux corresponding to this dif 
ference in currents will be set up in the auxiliary core and as a result a 
current will flow in the auxiliary secondary which will closely approxi 
mate the vector difference between primary and secondary current. This 
current being effectively added in the meter to the principal secondary 
current gives to the meter almost exactly the registration that it would 


have were it possible to pass the primary current through the meter. 
Referring to the vector diagram in Fig. 9 we see here the primary , 
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ampere turns represented by N,I., the principal secondary ampere turns 
represented by N,I, and their vector difference which for all conditions 
of load or secondary burden is automatically added to N,I, is shown by 
N,I,. In practice the two cores would be combined in one structuri 
and the primary and secondary windings link with both cores as shown 
in Fig. 10. 

As a result of several years of observation 
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lar type of transformer and keeping in mind the fact that the perform 
ance of several types of one Stage transformers now on the market 1s 
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the Brooks two-stage transformer is not a necessary refinement except 

for the most precise measurements such as might be encountered in thi 

laboratory or where very large blocks of power are being metered 

However, for high voltage circuits where single-turn current transform 
b] _ 

n the Brooks two-stage cur 


ers of low ampere turns are demanded, th 
rent transformer fills a place not filled by any other transformer 
Before leaving the subject of current transformer design we should 
consider also other properties of the instrument, the importance of which 
may be fully as great as the accuracy curves of the transformer. I have 
enumerated these properties in approximately the order of their im 
portance altho the relative importance may vary as the transformer is 
used in different installations. In general these considerations will apply 
to potential transformers as well. 
(1) Performance 
(2) Insulation 
(3) Thermal properties 
(4) Resistance to mechanical strain 
(5) Dimensions 
(6) Mounting facilities 
(7) Arrangement of terminals 
) Appearance 
We have already discussed the first item. The insulation of instrument 
transformers is a matter of major importance since in a large percentage 
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of installations insulation itself is the reason for the use of a trans- 
former. Instrument transformers should be insulated to withstand ap 
proximately two and one-half times the operating voltage of the circuit 
The insulation must be chosen with a view of permanency of dielectric 
strength as well as ability to withstand high initial test voltages. Since 
even the life of those who come into contact with metering circuits may 
depend upon the insulation of the instrument, no compromises at this 
point can be permitted—nothing but the best is good enough. 

The third and fourth items of the above can be considered together 
since temperature rise and mechanical stresses are both functions of the 
current flowing and are the same function, viz., the square. A trans 
former under an overload of twenty times full load will develop heat four 
hundred times as fast as at normal load. The mechanical strains produced 
will be four hundred times normal. The importance of designing our in 
struments to withstand heavy overloads has been emphasized from many 
quarters, an excellent discussion of the subject being published in the 
1921 Transactions of the A. I. E. E. by Phillip Torchio of the New 
York Edison Company. Tests made and discussed by Mr. Torchio show 
conclusively the desirability of one turn primary or bus-bar type of cur 
rent transformers. When because of low primary currents involved one 
primary turn is not sufficient, then the turns of a primary winding must 
be made of as heavy section copper as practicable and firmly wedged 
into position to prevent relative motion of the windings during moments 
of heavy overload. It should be pointed out at this time that ideal per 
formance, ideal insulation and ideal strength are all conflicting proper 
ties and in general the designing of the transformer to favor one of these 
three is at the expense of the other. It is here that the designer realizes 
that we can’t have everything. It has been our purpose in our standard 
transformers to give accuracy consistent with the rest of the metering 
installation, to give adequate insulation and reasonable strength. If spe 
cial occasion should arise where additional strength or insulation must 
be had, then we have been compelled to sacrifice some in performance 
to give these other things. Even insulation and thermal capacity are 
diametrically opposed since the insulating material usually retards the 
flow of heat in about the same measure that it is effective dielectrically 

The remaining four of the properties enumerated above can be con 
sidered as a group and very often are the criterion by which you meter 
men judge the instrument. But even here again is a conflict between 
convenience and performance. You can’t put a 200 volt-ampere trans 
former into the space formerly occupied by a 25-volt-ampere trans 
former nor does the most convenient arrangement of terminals always 
make for the best insulation. 

Leaving now the special discussion of current or series transformer, 


we will consider for the moment the voltage or potential transformer 
Here the problem of design is a little easier as the variables do not cover 
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such a wide range of values. Burdens imposed upon potential trans 
formers are apt to be higher than those encountered in the series trans 
former but fortunately changes in burden are not accompanied by the 
wide changes in flux in the transformer core that we have observed in 
the series transformer. 

The vector diagram of a potential transformer, which to simplify the 
discussion may be assumed to have a 1:1 ratio, is shown in Fig. 11 

This diagram like others used earlier is not to scale. Here the voltage 
applied to the primary is E, which produces the primary current I,, 
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Fig. 11 
Vector Diagram of a Typical Potential Transformer. 


the same, as in the current transformer, being made up of the reversed 
secondary current I’, and the exciting current I’. This likewise is made 
up of two components I. supplying the core losses and Im supplying the 
flux I. Subtracting vectorially the primary resistance and reactance pres 
sure drops I,R, and I,X, respectively we have E,, the primary e.m.f 
equal and opposite the secondary e.m.f. E’,. Similarly subtracting the 
secondary pressure drops I,R, and I,X, from E’, we obtain E, the second 
ary voltage. The ratio of the transformer is the ratio of E, to E, and 4 
the angle by which —E, the reversed secondary voltage leads the applied 
primary voltage E, is the phase angle of the transformer. In the particu 
lar case illustrated in Fig. 11 this angle is negative. We note here that 
the vector addition of I’, the reversed secondary current and I’ the ex 
citing current give a value of I, which varies in both magnitude and 
phase as the value of the angle ® changes, ® being the angle between 
the secondary voltage and current or in other words the power factor 
angle of the secondary burden. We note also that the absolute phase 
position of the four vectors I,R,, 1,X,, I.R, and I,X, all depend upon 
the value of 9. 

To make a perfect voltage transformer we need only to eliminate 
three disturbing factors from this picture. These are the vectors I’, I,Z,, 
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and I,Z, in Fig. 12 which are the exciting current, the primary imped- 

ance and the secondary impedance respectively. This you may note is a 

little more complicated than in the current transformer since in that 

case the elimination of the exciting current alone is nearly sufficient to 

give perfect performance. Practically in the potential transformer design 

we secure our best results by reducing all of the three above mentioned 

disturbing factors to a minimum which in general is accomplished 

through observance of the following points: 

(1) Selection for core material of iron having low hysteresis and high 
permeability. 

(2) Employment of sufficient iron to make possible low flux densities 
without using an excessive number of turns per volt. 

(3) Use of a closed magnetic circuit carefully built up of well insulated 
lamine 

(4) Reduction of magnetic leakage to the lowest possible value. 

(5) Liberal design of windings 

(6) Insulation consistent with voltage rating 

It is to be noted here as in the case of the current transformer that 
these desirable points of construction are not all independent of each 
other and in some cases the application of one design principle must be 
at the expense of another. An example of this confliction of design re 
quirements is the conflict between item No. 4 and 6 above. Here we 
observe that the spacing necessary for insulation always tends to increase 
the leakage reactance. 

Much more might be said on this general subject of instrument trans 
former design. Certainly the conditions of use of the finished product 
should have much to do with the design. Convenience of testing, in 
spection and repair are also necessary considerations. Cost of manufac 
ture must also be given proper attention and standardization cannot be 
neglected. These factors all contribute their share to the design. So now 
in conclusion as was said at the beginning of this paper, it is hoped that 
a mutual study of all of these various factors will result in better instru 
ments and in more advantageous application of the instruments which 


are already available. 


Die-cast aluminum cases now standard for many instruments of the 
Brown Instrument Co., lightness, resistance to rusting and corrosion 
and absence of flaws improve product—increased first cost offset by 


uniform quality and elimination of grinding and machining operations 


The Leeds & Northrup Plant will close this year for a period of 
two weeks in August (from Saturday, the 11th, to Saturday, the 25th, 
inclusive)—except for a skeleton organization to care for emergency 


requirements. 
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A New Turbidimeter 


Dr. W. Ewald, Berlin, Germany 


UE to the extensive use of dispersion glasses as light scattering 
D screens in actual practice, especially in the illuminating industry 
and due to the manifold investigations of turbid mediums in chemical 
laboratories, the determination of a standard value as an evaluation num 
ber for the degree of light dispersion is absolutely necessary. 

For the construction of a testing instrument for dispersion glasses and 
colloid solutions naturally certain conditions must be satisfied. It is re 
quired that the instrument permit separately the investigation of the 
transmission and further the degree of dispersion 

Purely mathematically the problem of light dispersion is far more dif 


known 


ficult to solve, as the basic laws with dispersion are at best only 
qualitatively. Even with the simple Lambert Law with which the in 
tensity I observed with a reflecting angle @ is given I= I, cos % only 
holds for a few materials and with these also only in a limited angle 
range. The same holds for the expanded formule of Lommel, Berry, 
Sumpner Bloch and Pokrowski. 

To have in practice a measure for the dispersion, one first made a 
series of standard glasses, which possessed a definite standard dispersion 
As the laws for the degree of dispersion with opaque glasses are de 
cidedly different than for frosted glasses, such standard glasses were re 
quired for the two types. One first fixed six grades for each. The classi 
fication was based on photometric measurements, which gave the follow 
ing values: 


S 


I. OPAQUE GLASSES 


Class Direct Transmission Non-uniformity of 
he light division 
l 80% 10 000 
2 S0-50% 10 000-1000 
3 50-20% 1 O000- 100 
4 20- 5% 100- 10 
5 5 and0% 10 and 0 
6 Q (totally dispersed) 0 
II. FROSTED GLASSES 
Class Relative light density in the direction of the incident light 
I direct transmission still present 
2 20- but without direct transmission 
3 20-15 
4 15-10 
5 10- § 
6 5 








Page 372 INSTRUMENTS August, 1928 


In order to satisfy the requirements in practice several intermediate 
steps had to be made between the steps 5 and 6. With the instrument 
described below an extensive classification of turbid materials can be 
carried out 

It is probably interesting that the classification can also be carried out 
solely visually, in that a parallel bundle of light rays is made visible 
in a suitable manner and then the above mentioned turbid standards are 
placed in the path of the rays of the same. The test is carried out, in 
that one permits a parallel bundle of rays to fall on a standard plate 
first measuring the transmitted light and second observes the dispersion 
cone in a container filled with a suitable colloid solution, which is placed 
behind the test glass. There results now for the two classes the following 
relation: 


I. OPAQUE GLASSES 


Class Dispersion image in the colloid solution 
l Direct light strong, dispersion cone not visible 
2 The cone is slightly visible, but still not visible on observation 
with a red glass 
3 The cone is also plain with a red glass, the directly transmitted 
light still very strong. 
4 The directly transmitted light is medium strong 
5 The directly transmitted light is weak 
6 No directly transmitted light is visible (complete dispersion) 


II. SURFACE FROSTED GLASSES 


Class Dispersion image in the colloid soluti 

l The incident parallel light ray bundle is only spread a little, 
no cone visible. 

2 Parallel light ray bundle is strongly spread, cone only visible 
without red glass. 

The cone is also slightly visible with the red glass 

4 The cone is sharp and the original light bundle is so strongly 


dispersed on the edge of the container, that the outline is hard 


ly visible 
5 The same as 4, only more pronounced 
6 Uniform light cone. 
It is evident, that with the aid of this arrangement one is in position 
to make an extensive investigation of the character of turbid mediums 
and that this manner of testing has been used for a long time and is at 
present still partly used. To be sure for the trained individual the visual 
grouping of a medium of unknown dispersion properties is sufficient, 
but in all cases the use of at least a set of standard opaque and frosted 
glasses is advisable 


The recent investigation though has made it possible to produce 


opaque and frosted glass wedges. The former are either ground direct 
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from opal glasses or replaced by wedge shaped glass containers, which 
are filled with a turbid solution. Frosted glass wedges are made by a 
suitable etching. With the aid of these wedges not only is it possible to 
judge the opaque glass within a few classes but 


one is now in positi 
to achieve absolutely satisfactory measurements with t 


metric methods 
The different crystal sizes of the suspended | 
| presents a difficulty; but 


son medium and the medium to he tested still 


this will be overcome in a simple manner by itable diaphragming of 


I 

a spectral range 
Finally a turbidimeter must also permit t 
persed light in addition to measuring the transmitted light and the direct 
. This value will also be used, especially 


measurement of the dis 


4 
} 


dispersed light under about 40 


with mediums, whose direct transmission is equal to zero 


The modern turbidimeter should therefore determine 
direct light, direct dispersed light and dispersed light of diffuse reflexion, 
in order to accomplish in every case the classification of an unknown 


1 
three factors 


turbid medium 
It is again specifically pointed out that t 
t 1 


I 


of these effects is not sufhcient, as t 


nt of only one 


uniform trans 


mission, but of different dis 
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Fig. 1 
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Below such a turbidimeter is briefly described: Fig. 2 shows the path 
of the optical rays in the turbidimeter shown in Fig. 1. Two equal light 
bundles L, and L,, which go out from a light source L (Pointolite lamp), 
strike two similar objectives O, and O, and pass through diaphragms 














‘ a 
~ ~ 
—~ 
Fig. 2 


sharply limited parallel. The light bundles are again brought together in 
the photometer head J, by the two mirrors Sp and can there be used fot 
measurement. In the path of the rays L, L,, O,, J,, Ni is a standard 
turbid wedge, in L, L,, O., J,; N 


» is the turbid medium to be examined 
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The standard wedge N, as also N’, is adjustable by means of a grad 
uated screw beside the eyepiece and each setting can be read on a milli 
meter scale. In the photometer head J, the direct transmission of the light 
can be determined by adjusting the two halves of the field of view so 
that they are equal. 

To measure the intensity of the dispersion cone below about 40 deg 
the photometer head J. is used, as Fig. 2 clearly shows. The ph tometer 
head J, shows on sighting into it, four divisions in the field of view, of 
which 1 is adjusted to the corresponding dispersion radiations. In ordet 
to carry out the measurement of the dispersed light of the diffused 1 
flection, the standard wedge N, is placed in the position N’, and the 
medium to be examined at N,’. 

It should still be mentioned, that the instrument after removing th 
opaque glass wedge can also be used in conjunction with the standard 
glass sets. Finally also a visual estimation is possible. For this purpose 
two troughs, which are filled with the colloid solution, serve to make th 
dispersion cones clearly visible. The particular solution can be preserved 


possibility of carrying 


I 


and can be used very well in the plant. Due to the 
out the measurement of three independent effects, the apparatus dé 
scribed is a measuring instrument of the greatest dependability. The use 
of a turbidimeter will be of considerable value to everyone who under 
takes the making of dispersion glasses and to every chemical laboratory 


j 


in which investigations of turbid mediums are made 


OIL GAUGE SERVICI 


Transparent Bakelite material has been adopted for high pressure 
oil gauges used on pumping machinery. The construction of oil gauges 
normally involves the incorporation of a transparent window section 
within the metal housing of the gauge itself. To secure a liquid-tight 
gauge unit, resilient gasket material is usually placed between the metal 
and glass, and the assembly is clamped together through the use of re 
taining bolts. Frequently, the gauge glass must be of considerable 
thickness, in order to withstand the Operating pressure of the fluid 
contained. When the glass has been mounted in the oil gauge, it may 
fracture suddenly when the combined effect of stresses, inherent and 
applied, has reached a critical point. Subjected to test comparison with 
various grades of glass made in the United States and in Germany, the 
Bakelite material is reported to have rated 25% higher than glass, 
under application of stresses, up to the point of fracture —Bakelite 


Information 
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Correspondence from instrument users and others 
pertaining to or relative to instruments 


Information Section 1 
J 
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HIS section invites correspondence from instrument users and others rela 
tive to questions pertaining to instruments. 
Names and addresses of manufacturers of instruments will be furnished 
ng to sources of supply should be addressed 
yn. Such inquiries will be answered promptly 





special request. Inquiries pertair 
writing to our Information Secti: 
by mail. 





Inquiries regarding instrument problems will be answered by publication in 
this special " ‘Information Section” of INSTRUMENTS. We feel that other 
besides the inquirers may be interested in the same or similar problems, and in 
this way all of our readers will obtain the benefit of the info yrmation furnished 


li 


No. 2. Can you put us into communication with the manufacturers 
of the Howard-Dolman Depth Measurement Instrument?—E. F. H 

No. 23. Is there a manometer or other instrument which will indi- 
cate the flow of water in a tube one-eighth inch in inside diameter when 
such flow is from 15 to 600 cubic centimeter per minute?—R.S.G. 


No. 27. Would you be so kind as to give us the names of com 
panies manufacturing any instrument that would be of help in meas 
uring and locating vibrating as well as torsional conditions in Dies¢ 
engines?—-B.C.S 

No. 28. Kindly furnish us with the sources of supply of paper 
charts on which record may be made by a hard stylus in constant 
(8 days) contact with the chart, which will fit on a cylindrical drum, 


1 
“Fh 
i 


of 


and not stretch or shrink with changes of atmospheric conditions? 
W.S.H 

No. 29. Furnish us with the names of ane anies manufacturing a 
sturdy 8-day omg motor not exceeding 23%” diameter by 1 7/16 
thickness that will perform satisfactorily with the staffs in a vertical 
position.—W.S.H 

No. 30. Will you kindly advise us of a manufacturer who makes 
in instrument for the continuous indication or recording of very low 
moisture contents in gas currents, specifically from 0.01 to 0.5 or 1% 
yf water vapor in carbon dioxide?—J.F.L 

No. 31. We would be obliged if you would put us in touch with 
manufacturers (if there are such) of integrating meters reading 
gallons the total quantity of milk passing through a 2” pipe at the 
rate of 1,500 to 2,000 gallons per hour. The manufacturers should 


give us information as complete as possible particularly as to how 


sterilization is effected R.H €& Co 


No. 32. Thermostatic Control of Industrial gas ovens —W.R.G 





August, 1928 INSTRUMENTS Page 377 
SoS. SSS 


New Instruments 


Recently Developed by Instrument Manufacturers 
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Universal Chemical Microscope 
CE. Leitz, Inc. 


HE new Leitz Universal Chemical Microscope is primarily de 
signed for chemical investigations. However, in construction it 
has been so arranged that through the addition of essential accessories 
the Microscope adapts itself for the 
various fields of endeavor in bactert 
ological, biological and metallurgical 
investigations. It therefore becomes 
evident that this Microscope is truly 
a universal instrument 
It may interest readers to know 
that for the past five years there had 
been practically no change in con 
struction of Chemical Microscopes 
With the introduction of the new 
Leitz Microscope “Chem” it is now 
possible for a Laboratory through 
means of one Microscope to investi 
gate various materials regardless of 
whether investigation is to take place 


by means of 
ordinary transparent illumination, 
polarized illumination, 


reflected illumination, 


yolarized reflected illumination 
I 


There is no material which will 
not permit of investigation by either 





one or the other methods described and the Microscope is so arranged 
that through a minimum of effort one can readily convert the instru 
ment for the necessary procedure. 

The Chemical Microscope permits also of projection and photo 
micrography so that a record can be kept of any such specimen as 
merits special interest. 
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Multiweight Balance 


\ ’ JM. AINSWORTH & SONS, INC., Denver, Colorado, have 

placed on the market a “multiweight” balance with variable 
sensitivity attachment, and having a selective device for handling all 
fractional weights, as used on their more expensive balances. Each 
weight or rider is on an arm bearing a number corresponding to the 
weight carried, which may be 
transferred to a bar attached to 
the right hand stirrup by the slid 


ing selector on a rod extending te care 
< ted t 
through the right-hand end of r4 ee ee 


the case, and which may be 
moved longitudinally until the 
indicator stands opposite the 
number on the rod correspond 
ing to the weight to be trans 
ferred, when a slight rotating 
motion of the operating rod 


shifts the weight. Any number 





of weights may be transferred 

up to the capacity of the carrier (1115 mg.), and when the weigh 
ing is finished a slight turn in the opposite direction returns the 
weights to their respective arms. The variable sensitivity attachment 
consists of a heavy (gravity) weight or rider that is dropped on a 
stud attached to the indicator when beginning a weighing, thereby de 
creasing the sensitivity ten or twenty times according to the weight 
used, and increasing the speed of oscillation six or twelve times, re 
spectively When an approximate balance 1S reached, the Oravity 
weight is lifted and the weighing completed at the normal speed and 
sensitivity of the balance. The balance has a capacity of 200 grams 
and is sensitive to 0.05 mg. at half load or 0.1 mg. at full load and is 
described in their bulletin A-15. 





AINSWORTH 
Precision Balances 
and Weights 


Have met every laboratory 
requirement since 1880 
Ask for bulletin A-15 
Wm. Ainsworth & Sons, Inc., 
2151 Lawrence Street, 
Denver, Colorado 
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The Standco Phase Sequence 
Indicator 


(Herman H. Sticht & Company) 
HIS instrument serves to show the order of sequence of the E. 
M.F. in a three phase circuit. The value of such an instrument 
will be self-evident to anyone who has had occasion to connect up 
A.C. motors and similar equipment. 

After the three wires of a polyphase circuit have been pulled 
through conduit it is not very easy to “phase them out” and to make 
the proper connections unless advice of this nature is available. 

With the three phases connected to terminals A, B and C in proper 
relationship, the disc will rotate in the direction of the arrow. A re 
versal of any phase will cause the disc to rotate in the opposite direction 





The instrument is small (414 x 314 and 134 inches) and weighs ap 
proximately 17 ounces so that it may be carried in the pocket. It has 
been designed to operate at all voltages from 40 to 600 volts and all 
frequencies from 15 to 60 cycles per second. 

The instrument consists essentially of an aluminum disc rotor and 
a three phase stator winding. The disc, which is mounted close to 
the opening in the case for easy observation, has a small black target 
for observing the direction of rotation. 
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New Measuring Tools 
(Brown & Sharpe Mfg. Co.) 


UBULAR INSIDE MICROMETERS—The new Brown ©& 
| ipo tubular inside micrometers No. 276, shown in Fig. 1 are 
made for long inside measurements. Due to their tubular construction, 
they are light and easy to handle. They can be quickly and easily ad 
justed, and locked at any reading. The measuring points are hardened 
: the faces ground on a 
——- radius, thus adapting them es 


pecially for measuring parallel 








or curved surfaces 


Fig. 1 
ss 
The range of measurements 
of each tool 1s obtained by 1 —-- anvils of different lengt} s 
The shoulders of the anvils fit against the shoulder of the micrometer 


P 
head insuring positive adjustment and accurate measurements. The 
anvus can De changed easily and held positively In place DY a Clam] 


screw fitting into a V groove 


The size illustrate bove. measures from 12” to 22 The sizes { 

ne size illustrated abDOve, Measures TrOM iz LO 26. ne s1ZesS I 
Se had sa" 54 ~er - . ee 

measuring 22” to 32” and from 32” to 42” are similar in constructio1 


OUTSIDE MICROM 
ETERS The new outside 
micrometers, illustrated in 
Fi 


in thousandths of an 


gs. 2 and 3, are graduated 
y i 
hundreths of a_ millimeter 
They have solid anvils and a 
simple adjustment for wear of 
the measuring surfaces. They 
have no clamp rings. No. 60 


is supplied for the range 1” 





to 2” or 25 mm. to 50 mm.; 
Ni 62 2 to 3” or ) mn to 
75mm Fig. 3 
MANNING, MAXWELL & MOORE BUYS AMERICAN 
SCHAEFFER & BUDENBERG CORPORATION 
Charles A. Moore, Jr., president of Manning, Maxwell & M 
Inc., international engineering specialists, announces the a 
the American Schaeffer and Budenberg Corporatior Brooklyn, N 
Y., and Worcester, Mass., from Ralph Jonas and h s associates. T] 


newly acquired company, founded in 1851, is the o 
- 


largest manufacturers of industrial instruments in 
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A New Pressure Gauging Instrument 


(American Paulin System, Inc. 


URING recent years a new principle applied to pressure gauging 
| I t t 
instruments has been developed known as the Paulin System. The 


claims advanced for Paulin System instruments are that they 
instant response and accuracy in recording a 
fore unknown. This assures very dependable results and effects in 
addition great economy in time 
The Paulin System is ap 
plicable to many types of 
pressure gauging instruments 
The types which to date have 
been developed are instru 
ments for measuring air pres 
sures, such as barometers and 
altimeters. The types which 
have been developed and 
which will shortly be on the 
market are manometers, tank F System Thulin 
gauges, pressure gauges, blood 
pressure instruments, aircraft 


instruments, etc 





The outstanding features 
of the barometer are those of instantly recording, accurately measut 
ing and graphically showing all changes in air pressure, and that it 
can be read and understood by any one. This instrument shows the 
barometric tendency in a distinct and clearly visible manner instantly 
without tapping and indicates the absolute air pressure at any time 

The altimeter and the barometer function in the same manner, 
which is briefly described as follows: The tendency pointer (small 
pointer on dial between minus and plus marks) moves instantly 
towards plus with even the slightest increase of air pressure or to 
wards minus if pressure is reduced. By turning the button shown in 
the center of the dial glass, the tendency pointer can be moved right 
or left up to certain stops on either side. By this means the pointer 
is accurately centered over the zero line and when this is accomplished 
the large dial hand, which is fixed to the button, will indicate the cor 
rect air pressure at that moment. A change of air pressure will auto 
matically move the tendency pointer toward plus or minus, thus clearly 
showing if the air pressure is rising or falling and at what rate th 
rise and fall takes place. If it is desired to measure the amount of such 
a rise or fall, a reading is taken of the position of the main hand be 
fore moving the button to adjust the tendency pointer to its zero posi 
tion. The position of the main hand before and after taking a reading 
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denotes the change in pressure in either inches of mercury or feet of 
altitude. 

The Altimeter will measure differences in elevation with more speed 
and greater accuracy than any other instrument except the precise 
level and transit. It is therefore a most useful instrument for en- 
gineers, explorers, geologists, etc., and also for aviators, especially in 
connection with aerial photography and surveying 

The reasons why these instruments function with such precision 
can be summarized briefly as follows: 

1. The zero or null gauging method is used, which is the most 
accurate method known for measuring or weighing anything. It 
means in this case that the air column is weighed against the tension 
of a spring, the tendency pointer being at zero when exact balance 
is reached. The instrument is acting the same as a pair of balances 
and it measures a change in the weight of the air column equally 
accurate at sea level or at the extreme range of the.instrument, which 
may be 10,000 feet above sea level. The measuring mechanism, 
which in the case of these instruments is a metal diaphragm, is brought 
to the same normal position by the change of tension in the spring, 
by turning the button, no matter at what elevation the measurement 
takes place. This method of measuring practically eliminates elastic 
hysteresis. 

2. The instrument does not contain any chains, gears, bearings, 
pivots or other friction producing mechanism. In other words, there 
is no inertia due to friction to overcome when the mechanism within 
the instrument starts to move, and there is no loss or lag due to fric 
tion while the mechanism is moving as no moving part moves against 
any other part. As all moving parts are solidly connected there is no 
error from lost motion 

3. The instrument is compensated for change in temperature by a 
very simple and effective means only applicable to Paulin System. 


NOVEL METER TEST 

Tests recently were made in a novel manner on two large meters with 
out disconnecting or removing them from service. The meters are set 
in series in the basement of the Distribution Service Station at 1800 
N. 9th Street and measure the gas used in the meter repair shop on the 
sixth floor of the building. When the shop was shut doyn and all gas 
outlets turned off, gas was allowed to pass through the meters, through 
the tight piping system, and was used to raise the bell of a prover seven 
stories from the meters. A proof of each of the meters was obtained by 
comparing the registration of the meters with the readings of the 
prover. As one of the meters weighs about seven hundred pounds 
and the other is no feather some trouble was saved by obtaining the 
proofs in that way.—U. G. I. Circle. 
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Durac— An Improved Hydrometer 


(Hiergesell Brothers) 





| many laboratory and industrial processes the specific 
gravity, or density, of liquids must be determined with 
reasonable accuracy—yet, withal, quickly. Hence, the 
widespread popularity of Hydrometers. Float them in the 


he scale; that’s all 


liquid under observation and read t 
there is to it, unless the degree of accuracy required 
makes temperature corrections necessary 

While the technique for hydrometers is very simple, 
heretofore their use has been hampered by a number of 
petty annoyances. Undulating surfaces ending with a 
slender-necked spherical ballast bulb made them hard to 
clean and extremely susceptible to breakage. In order to 
avoid these drawbacks and to improve the “usability” of 
the instrument a detailed revision of the mechanical de 
sign was undertaken. The result of this investigation is 
shown in the illustration. From its greatly increased dura 





bility and accuracy this new model derives the name 
Durac. 

Especially interesting is the novel method of attaching 
the ballast element. A conical chamber containing mer 
cury is welded to the bottle-like bottom of the float. Thus 


the section of greatest weakness in older models becomes 


ere PREaeEr e128 ESRTTE THareOureDensetPrveRPREPSStERDORESE SO FPTOUSSENSESUN TY RFTIOS SERSORRIBATEOEET ES! mm 


the section of greatest strength in the Durac. Breakage 
it this point, even under roughest handling, is said to be 
-xtremely rare. 

Aside from greater durability this “cone on a bottle” 
feature provides a smooth exterior. Where the wasp waist 
of yesterday was hard to clean and most likely to snap 
1 off (thus ruining the instrument) this new shape is dried 
with a single wipe—a convenience much appreciated by 
those doing routine hydrometry 

The tapered ballast chamber does its share towards ac- 
curacy of reading, too. Not only is it easier for the in 





strument maker to load in the exact weight of mercury 
for any given minimum immersion, but also the conical 
form assures precise centering of the ballast on the verti- 


cal centerline of the instrument. Thus perfect flotation is 








attained—with scale markings always parallel to the sur- 
face of the liquid. This is of special importance where 
divisions of the scale are close together. 

As one views the middle and upper parts of the Dutac, 
the appearance is somewhat that of the conventional styles. At its 
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top the Durac float chamber narrows down to the diameter of the 
stem with possibly a longer taper than is usually found. The reason 
given for this is that surface friction is increased to some extent. Act- 





ing in conjunction with the taper in reverse direction at the bottom 
(the ballast chamber) the instrument does come to rest almost at once 
even when carelessly dropped into the liquid under test. 


A HYDROMETER FOR EVERY PURPOSE 


Durac models are to be had for everything from alcohol production 
to zinc processes; from gasoline to glue—in all standard scales—Spe- 
cific Gravity, Baumé, A.P.I., Brix, etc.; also in a number of special 
scales peculiar to certain industries. Overall lengths and ranges comply 
with general custom and are based on the experience gained in mak- 





ing more than a million of the old style instruments. 

All scales are hand-calibrated, three reference points being secured 
for each instrument by immersion in liquids with surface tensions ap- 
propriate for the use to which the instrument will be finally put. After 
calibration, the scales are securely fastened in place with an ever 
holding cement. They are then re-checked and made ready for ship 


¢ 
t 
1] 
ment - 
ment 1n §] il 
I 


ecially designed safe-carriage cartons 

Although radically different in design, Durac Hydrometers are guar- 
anteed to meet the specifications of the Bureau of Standards and those 
of the various engineering societies. Serial numbers provide a means 
of ordering duplicates. In every way the Durac is truly a standardized 
product. 


HYDROMETER ACCESSORIES 


Many of the larger companies using hydrometers have 
fixed routines for testing. One of the usual requirements 
is a tall cylindrical container for the liquid being inspected. 
Accordingly, the makers of Durac Hydrometers are now 
supplying a copper cup 14” high and of such diameter 
to give the instrument plenty of room. A widely flar- 

gives stability and a handle affords ease in dip- 





ing base g 





ping up samples 


A plain model with beaded rim is made for use with 
ypaque liquids—but it may also be used for transparent 
liquids as well, readings being made by the “flush full’ 
method of sighting directly across the brimming surface 
For use where temperature corrections are made of a 
model with vertical sight-glass chamber may be had—with 
a certified thermometer on a scale plate that fits into the 
sight chamber. 






Other accessories include thermometers calibrated in 
either F. or C. for total or partial immersion. 
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The Siemens Factories at Siemens-stadt near Berlin where the 
OHMERS, MEGOHMERS and GROUND-OHMERS are 
manufactured. 


+ 


For descriptive literature, write t 


HERMAN H. STICHT & CO. 


21 Park Row New York, N. Y. 


Other Standco Specialties include Tachometers, Tachoscopes, Speed 
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products as they go through production. Hoyt meters 
are accurate and rugged, yet reasonable in price. 
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Courtesy of Lhe kikon Works, Portchester, N. Y. 
Test panel in the laboratory of the Elkon Works, Portchester, New York. 
16 Hoyt meters used in forming rectifying units. 


Hoyt Electrical Instrument Works Boston, Mass. 
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Three new p ters are described. Two of be se hav 
The technic requirec naking measurements with 
gen electrodes is described. The limitations regarding the use « e quinhydrone ele 
the relative suitability ion and conductivity measurements are discussed.—M.E.H 
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Introductory Offer on World’s 
Famous Imported 


TACHOMETER 


Four speeds, 30 to 120, 100 
to 400, 300 to 1200 and 1000 
to 4000 R. P. M. Complete 
with accessories and fine leath 
er carrying case. Full instruc 
tions with each instrument. 
Fully guaranteed. Made by 
Dr. Siegfr. Guggenheimer A 
C. Nurnberg, Germany 





List Price $60.00 Special Introductory Offer $22.50 


Tobe Deutschmann Co., Canton, Mass. J 








. , , 
Engineers. Manufacturers and Importers of Technical Apparatus 





a. + iO “le . 2c Pivwe . 
Drawings, Charts, Letters, Blue Prints 
. reproduced to letter size direct 
from copy furnished. 
CLEAN CUT, SHARP LINES & ILLUSTRATIONS 
NO CUTS REQUIRED 


Write for prices that make you wonder how we can do it. 
No obligations. 


FOTO-PRINT 521-523 Highland Building 


MACHINE CORPORATION Pittsburgh -- Pennsylvania 


EMA 


enemas 














INSTRUMENTS 


Indicators for all Types of Reciprocating Engines 


or Recording Angular Deflections, Degree of Torque 
rregularity, Critical Speeds, Torsional Oscillations, et« 


Torsiograph 





for Recording all Oscillations and Vibrations from the 
Lowest to the Highest Frequencies 


Vibrograph 


. for Measurement of Stress, Expansion, Deflection, Impact 
Recorders {0 Measurement of Stress, Expansion, tion, Impact, 
——_______. Relative Movements of all kinds, et« 


for Determining the Physical 
Properties of All Materials 


Physical Testing Machines 





Lehman & Michels, Abt. I, Hamburg-Altona, Germany 


Write for Catalogues. 
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Amateur Photomicrography. P.M. Mallet, Photographe, March 1928, pp. 99 
103 
A pref I the first ters of an elementary discu f photomicrographic work; optic 
“Abs. Bull. Kodak Res. Labs 
Methods of Measuring Ultra-Violet Radiation. W. W. Coblentz, Radiology, 
Feb. 1928, pp. 116-121 


I thor discusses t v thods of 1 iring ultra-violet radiation and recommend 
I I v ng the t pile 
t pect rit 
Abs. Bull. K k R Lat 

The Filmograph Densitomete Photographe, Feb. 20, 1928, ip. 62 
iescribed of adapting the Filmograph densit t] ssuring of densiti 
reflected light. A light beam fr in auxiliary lantern strikes the paper at an angle 
4 the fraction of the light diffused normally to the surface is measured by the photo 

etric head 


Abs. Bull. Kodak Res. Labs 
Dynamo Te sts as Made at the Franklin Institute Fifty Years Ago. Dr. Howard 
McC an, U. G. I Circle, gn 1928, pp. 22-24 
Tk t the Fr tute in 1877 and 1878 are described.—M.B.R 
Meter Reading Pr actice. 7 B At nold, r G. I. Circle, May 1928, pp. 44-45 
Tt f n I I ven.—M.B.R 
pret wer al Saeanadiine hex Oil * sewedlaees Oil Engg. & Technology, March 
on oe 83-84 
Modern d l ir stry M.B.R 
Geophysical Tremeaiiie for Oil Rinnicm, Oil Engg. & Technology, April 
1928, pp. 131-132 
The Ox f s described and illustrated —M.B.R 
Field of Use of dimes Technical Measuring Devices. (Anwendungsbereich 
technischer Messgeraete.) P. Geiger, Zs. V. D. I, 1928, pp 
ests with torsion t f nsti nts and vibrographs of the Lehman & Michel Company 
The Two Watt Meter Method in Praxis. (Das Zwei watt meter in der Praxis.) 
F. Kelbe, inijged 1928, pp. 172 
Rotary Vector diagr tem Westermann | ns of which quick computation of total out 
put from indications of t 1-GBK. 
The Gyroscopic Compass. Tnst rument World, “June 1928, pp. 47-49 
Browr ) ribed.—M.B 
The Moving ane inaabisuiaaiie, Jobn F “rest Instrument World, July 1928, 
pp 69-70 


i err t ng I I S | i I I S uch g 
' aati ‘ a aes n — MM BR 
The Errors of a Reflecting Prism. Instr ument We or rid, July 1928, pp. 75-76 
Review of I before the Opt I i ip. The ideal diagr 
j M B.R 
A Contour Measuring Projector. Ins strument 1 W orld, July 1928, PP. 77-79. 
. 1g pl I the Baus Optical Company is described and 
llust 1.—M B R 
The Measurement of the Displacements of Vehicle Springs under Road Run- 
ning Conditions. Special Report No. 8 Department of Scientific and 
Industrial Research 


This Report the second of the series describing the more important investigations of th 
Springs Res reh Committee appointed by the Department of Scientific and Industrial Research t 
ler the be I ] nd design for laminate and coil spring 
No information was found to be available as to the number and amplitude of the oscillations 
of the springs of vehicles in practice, and the National Physical Laboratory was asked to devis 
PI which could be fitted on a vehicle and give a continuous record, under pract 
t f the displacemer ft igs relative tc body of the vehicl 





I 1 td nt j nd i t | nber of amplitude of the 
oscillations. A descr ption of the apparatus, me the results obtained from tests made on tw 
Aci 1y Lorries and a ts iter motor car, fe the ibject of the report.—M.B.R 
Are the New tonal Boiler a ovine Worth their Cost. Morgan G. Farrell, 
Ind Power, Feb 1928, pp. 50-55, 140 
} ? ] des fl / 1 








Th pparatus di this article incl w rs, pressure gaug 
rt | j , draft jicators, n eters, pyrome watt-hour meter al 
sh s lowers, feed water heaters, feed water treatment, forced-draft systems, steat 





traps, steam ers, powerfactor meters and heat insulators.—M.B.R 
Removiow the Guess from Blow Down. J. A. Holmes, Ind. Power, Feb. 1928, 


PP 61-65. 
Methods of determining the concentration in the boiler are briefly mentioned.—M.B.R 
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awe. INSTRUMENTS "3:3°"" 


SPECIFICATIONS DEVELOPED 
INDUSTRIAL «+ SCIENTIFIC 


C. W. PETERSON, 6243 Wentworth Ave., Chicago, III. 


Formerly of the University of Chicago 











Portland Meters and Counters 


For Rugged Heavy Duty 
Measuring and Counting 


Remarkable Accuracy and Endurance 


ADDE & COMPANY, Portland, Maine 














“FENNEL” 


LEVELS, TRANSITS & TACHEOMETERS 


are Surveying Instruments of highest Precision 
Write for Catalogues to 


GTTO FENNEL SONS, Kassel, 85, Germany 











EXPERIMENTAL AND MODEL WORK OF ALL KINDS 
W. A. Schaerr, 356 Gold St., Brooklyn, N. Y. 


FORMERLY INSTRUMENT MAKER FOR ROCKEFELLER INSTITUTE 








THE TAPLEY PERFORMANCE METER 


(Self-contained, no outside connections 
for the measurement, and details, of the go-ahead ability of any motor vehicle, either on a 
grade r level road Including Carburetor ijustment test ind | t 
Also, a Brake Testing Type (for Official and Technical tests) for the measurement of the 
stopping ability of any power driven vehicle. May be used at any speed above 10 miles per 
hour, whether on level road or not, with an average error within 1%% 


Write for details 
E. C. CHESWELL, Melrose Highlands (77), Mass. 
U. S. A. Distributor for Messrs. Tapley & Company, Totton, Southampton, England 











INSA-LUTE CEMENT [liquid porcelain) 
Used by leading manufacturers for assembling and insulating 
TECHNICAL PRODUCTS CO., East Liberty P. O., Pittsburgh, Pa. 


Manufacturers of Industrial Cements 
Write for catalogue. 
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On the Construction and Standardization of an Interferometer Pressure Gauge. 


J. J. Manley, Proc. Phys. Soc. Part 2, Feb. 15, 1928, pp. 57-61. 
: Abs. Bull. Kodak Resear 
New Apparatus for Cine Photomicrography. C. B. Neblette, Photo-Era, April 
1928, pp. 235-236. 


Thr ne ¢ : ee , may F narat f Leitz of W 


Suk Oe. os Bausch & Lom th an electrically-driven Model A 
Ciné-K k At Bull. K k Research Lat 
Photography in Science. I aa, Camera Craft, April 1928, ,_ PP. 170-174 
A - ; to | Abs. Bull. K h Labs 
ey in the. Service a Science and helleure. C B. Neblette 
»hoto E ra, Ap ril 1928, pp 2( 3 206 
PI treated histor y i 
A 
fter { mor \ t I I A Bul K k R I I 
Experiments in Ultra Violet Refractometry. L. C. Martin, Trans. Opt. Soc., 
1927-28, No. 1, pp. 1-21. 


t . 4 ¥ . 
ref A I 
y ] t f 
t t f I 
t , . 
t I 
: ‘ 
" xt lik ful f I \ 
xp] M.B.R 


The aor ery ea of Wave-Length Scales for Spectrograms. Guy Barr, Trans 
aE. 5 oc., 1927-28, No. 1, pp. 22-27. 
A meth scribed by which ar pproximat 
f Har ni ter tion formula to | j 1. § 
tion 1 M.B R 
The coue of Ridacting Prisms. T. Y. Baker, Trans. Opt. Soc., 1927-28, N 
2, pp. 49-70. 


Bin pda ne = s - ms ~ Jealt th ir tail.—M.B.I 
The “Absolute”? Hartman Test. R. Kir igsl hake. Trans. Opt. Soc., 1927-28, No 
pp. 133-141. 


According to the ordinary methods of performing the Hartmann test, the assumption is 
t t Il th ra r tt 1 As ¢ { t th 1 far fror th trot 
ciall t : the lar t h t Ha 
t general 3 r f modified t 
wv each ‘‘r ted ts ts t from tl leal 
} site : I | , P 
wn crit I f H f j f 


pelsscnpen 008 
An Investigation into the Beam from a Standard Lighthouse Lens. W. M 
Hampton, Trans. Opt. Soc., 1927, No 3, pp. 101-132 


The d y rder Fr 
ght I j ‘ bh 1 
A c I I f pow 
and table 8 are provided for the calculatior f the | ndl r from any apy 
any light s M.B.R 
Taslesmeter, W ithelm moored) Zeits. V.D.I. May 19, 192 8, PP: 684. 
New type of tachor nge changing vik Descriptic stographs and sketches 


>.B.K 








thi 
by 


G 
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4RUST, 


Determination of the orientation of Aluminum Cryst als Optically. (Bestimmung 
der Orientierung von Aluminumeizelkrestall« if optischem Wege.) J 
Witte, Zeits, pers phys., April 1928, p. 126 
WN ' tr r + * ter * r tal ’ t ¢ ; t 
Surveyor’s Instruments and Equipment. William A. Ehrman. Bulletin 
Engineerin g Extension Dey yartment ol Purdue University 


The —— of Pelachine amie ne Graphical Methods. J. H. Dowell. Instru 


lent World, June 1928, pp. 37-39. 


Tt ] } } M } R 
Stondandieetion in Apparatus for Science Teaching. Instrument World, June 
1928 a PP. 45 46 
A hatra ee R S t f Art 
MBI 
A New Method af Socbenceenn for Faint X-Radiations. P. A. R Jl. Opt. S 
June 1928, pp. 433-437. 
It 
r I tal P M | 
The ‘Tene is aceniian Gas Calorimeter. Tec! b Di t 
Scientific and “io nena Researc] 
d 
es Sas ; KA 
Temper rature Radiat ation. W. E. Forsythe, Jl. Opt. M 28, py 
I rk 7 rot y P r KA T 
Sonie aie na on : Gaile “i Counters. R. D. Berrett, Jl. Opt. Soc., M 
1928. pp 339-354 
Wir th r , f 
2 8 M B R 
Focuhin Electrons Reflected or Emitted at Equal Angles from a Plane Surface. 
‘D. A. Wells, Ji Opt Soc., May 1928, pp. 355-35¢ 
An P F briefly f ‘ 
energy 1 tted at ven angle f face.—M.B.R 
A Praleciion Electroscope for Nengerey: Radium Preparations. L. F. Curt 
Jl. Opt So ,» May 192 » pp 363-366 
TI a ie ] P . MARI 
Some fostior Uses for the Meow Grid Glow Tube. T. R. Wilkins and F. B 
Friend, Ji Opt. So , May 1928, pp. 370-373 
7 ; dle! 
} ( 
In tl 
ritical nditior t potent f 
the per re Ee aR ee MBR 


The “Ultramicrometer,” a New Instrument for Mc suring Very Small Dis- 
. . . ° 5 e 1 
placement or Motion, and its Various Appl ations. Juichi Obate, Jl. 


Opt. Soc., June 1928, pp. 419-429 


In thie article. ti f tt ] 
romete a faaS x ¢ 
valvy 1 1 | ¢ I 
ther a ct t t J 
quence “a t 
ur 
thov t D I t 
by mé th t 
As ex f f 
nt } t 1 1 P 1 
} 


On Gustiness of Winds. T. Terada, M. Tamans and K. Nis ida “Report No. 38 
of the Aeronautical Research Institute, T: cs Imperial University, Jun 





1928, pp. 235-270 
Records were made of » Dines’ ty; iid: om automatic 9 
Giving Scales a Variety of Jobs. Scientific American, August 1928, pp. 119 
Some uses of scal re illustrated.—M.B.R 
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_—— of | i of 


Review of Recent Patents 
l Printed copies may be obtained at the cost of 10 cents by addressing 


the Commissioner of Patents, Washington, D. C. 


S00 0a 50> 50> 


THERMAL oe a LATOR. Harlan §S 
goed Wilkin sburg, Pa., assignor to 
Westinghouse "Wlccwrie & Mfg. Co. Pat 
Ni 1,675 

MEANS FOR ME ASURING BALANCE 
OF ELECTRICAL NETWORKS. Sum- 
mer B. Wright, So. Orange, N. J., as- 

r to American Telephone & Tele 
( Pat. No. 1,675,441 

THERMOME TER. Henry B. Brown, Roch- 
ester, N. Y., assignor to Taylor In- 
strument Companies. Pat. No. 1,675,- 
531 

LIQUID LEVEL INDICATOR. John A 
Dieuner, Chicago, IIl., assignor to 
- ymberg Motor Device Co. Pat. No 

5.698 

ME TE 2R-OPERATING MEANS. Garrison 
Babcock, Everett, Wash. Pat. No. 1,- 
675,919 

SPEED INDICATING DEVICE. Piero 
Gambarotta, Quireto al Mare, Italy. 
Pat Nx ) e 675 ,97 4 

MICROMETER GAUGE. William L. Bry- 
ant, Springfield, Vt Pat No. 1,676,248 

LIQUID- QUANTITY -INDICATING DE- 
VICE. Alphons Dittlinger, Emil V 
Dittlinger, Jr., and Nicholas Dittlinger, 
St. Louis, Mo. Pat. No. 1,676,255. 

UNIT MEASURING MACHINE. Christian 
N. Bergmann, Pittsburgh, Pa., assignor 
to Bergmann Packing Machine Co. Pat 
No. 1, 676,377 

CLOCK ME ASURING MACHINE. An- 
thony Vanderveld, Grand Rapids, Mich., 
assignor of one-half to Harry B. Par- 
rish, Grand Rapids, Mich. Pat. No 
1,676 587 

RECORDING APPARATUS. Au igust N. E 
Be r New York, N. Y. Pat. No. 1,- 

76.629 

GAS “METER. Arno R. Huettig, Stratford, 
Conn., assignor to American Meter Co 
Pat. No. 1,676,651 

GAUGING INSTRUMENT. Frederick W 
Stalker, Rochester, N. Y., assignor to 
Taylor Instrument Companies. Pat. No 
1,676,673 

GAUGE WITH A PRECISION INDICAT- 
OR FOR TESTING THE FLANK 
DIAMETER OF EXTERNAL 
THREADS. Max Bartholdy, Essen, 
Germany, assignor to Fred Krupp Ak- 
tiengesellschaft. Pat. No. 1,676,721 

DEVICE FOR CALCULATING’ TIME. 
Frederick C. Meacham, Garden City, 
N. Y. Pat. No. 1,676,912 

GROUND-SPEED INDICATOR. Herbert 
O. Russell, Detroit, Mich., and Charles 
Leigh Paulus, Dayton, Ohio. Pat. No 
1,676,965 

BAROMETRIC DEVICE. Ivan I. Eremceff, 
Dayton, Ohio. Pat. No. 1,676,983 

REFLECTOMETER. Frank A Benford, 
Schenectady, N. Y., assignor to General 
Electric Co. Pat. No. 1,677,014. 

COMPENSATED METER. Arthur G 


Grier, Peterboro, Canada, assignor to 


General Electric Co. Pat. No. 1,677,- 


GAS MEASURING. Elmer I. McKesson, 
Toledo, Ohio. Pat No 1,677,147 
PHOTOELECTRIC CELL. Vladimir K 
Zworykin, Wilkinsburg, Pa., assignor tc 
Westinghouse Elect. & Mfg. Co. Pat. 

No a 677 ,316 

TEMPE RATURE TIME-CONTROL DE 
VICE. August J. Mottlan, Pittsburgh, 
Pa., assignor to Westinghouse Elect. & 
Mfg. Co. Pat. No. 1,677,361 

GAUGE. Gerald H. Allen, Detroit, Mich 
Pat. No. 1,677,424 

GASOMETER. Konrad Jagschitz, Maniz, 
Germany, signor to Maschinenfabrik 

sburg N rernberg, A. G. Pat. No 

524 

FRE QUE NCY- RE or yew INSTRU- 
MENT. Francis B. Vodges, Schenectady, 
N. Y., assignor to General Electric Co 
Pat. No. 1,677,694 

TEMPERATURE REGULATOR. Alfred 
Daniker, Zurich, Switzerland. Pat. No 
1,677,710 

HYDROMETER. Frank E. Sode, Chicago, 
Ill Pat. No. 1,677,801. 

METER. Garrett B. Linderman, Jr., Bethle- 
hem, Pa., assignor to American Meter 
Co Pat. No. 1,677,834. 

METER. Garrett B. Linderman, Jr., Erie, 
Pa., assignor to American Meter Co 
Pat. No. 1,677,835 

METHOD AND APPARATUS FOR 
MEASURING DISTANCE. Robt 
Longfellow Williams, Newton, Mass., 
assignor to Submarine Signal Corp 
Pat. No. 1,677,943 

FLUID PRESSURE CONTROL DEVICE. 
Joseph G. Fay, Seattle, Wash. Pat. No 
A 677, 961 

SPEEDOMETER. Percy A. Robbins, High 
land Park, IIl Pat. No. 1,677,990 

STRAIGHT LINE INDICATING MECH.- 
ANISM. Joseph Leopold, New York, 
N. Y., assignor to Consolidated Instru 
ment Co. of America. Pat. No. 1, 
678,009. 

FLEX-TESTING MACHINE. Thomas Midg 
ley, Hampden, Mass., assignor to Fisk 
Rubber Company. Pat. No. 1,678,017 

RESISTANCE CONTROL APPARATUS. 
Henry J. Weigand, Milwaukee, Wis., 
assignor to The Cutler-Hammer Mf; 
Co. Pat. No. 1,678,028 

MICROMETER’ CALIPER. = Horae J 
Youndt, Indianapolis, Ind. Pat. N 
1,678,030 

APPARATUS FOR TESTING ABRASION 
RESISTANCE. Frank A. Fahrenwald 
Chicago, Ill. Pat. No. 1,678,110 

MEASURING AND RECORDING MA 
CHINE. Leon A. Durgin, Danvers, 
Mass. Pat. No. 1,678,181 

OIL THERMOMETER. Arthur Hol: 
Newark, N. J., assignor to The Holn 
Automobile Co. Pat. No. 1,678,389 





/ 
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Draft Control an Eopentent Item. Ind Power, Feb. 1928, pp. 74-76 


tr I iry ribed MoB.R 


Determining Short Wave Pothe. H. ¥ Friis, Bell Laboratories Record ine 
192 PP. 359 362 
rl letermining the dit M.B.I 
Pca eh ‘eegecting rs Oil Sian Oil Engineering and Technol 
May 1928, PP. 153 
is briefly d bed.—M.B.R 


A ‘Shielded Beidge for the Simauanisin’ of Induction in Terms of Resistance 
and Capacity. B. W. Bartlett, Jl. Opt. Soc., June 1928, pp. 409-418 





This paper descril bridge evolved f1 
| be « pletel hield vithout ju nst tior t j 
t be ps agpiiacelpie ax It 1iff f t O 
th thar nce M.B.R 
The Geleiinion of de ‘oe of ‘the Axis and the Testing Respectively Cor- 
rection of Reversing Levels. (Ueber die Bestimmung des Kippachs: 


; 

fehlers und die Pruefung bzw. Berichtigung von Reversionslibellen). V 
Theimer, Zeits. Instrumentenk, July 1928, pp. 327-338 
natior f the a error th 1 fast 


The article discusses the deter 
til respectively the correction of 
stance measuring telescopes 
The Conversion of Inclined Measured Lengths to the Horizont: al in Ground 
Line Measurements With Wires. (Die Umrechnung von schief gem 
senen Laengen auf die MHorizontale bei Grundlis eenmessung mit 
Dri 1e ehten). P. Werkmeister, Zeits. Instrumentenk, July 1928, | p. 338-339 
Th trated 
melon ra fe of the Curvimeter. (Integration virmittels des Kurvi 
meters). H. Schwerdtfeger, Zeits. Instrumentenk, July 1928, PI 340 
344 
The method is illustrated 


The Thomas Calculating Machine and their development in Germany. (Die 
Thomasmachinen und Ihre Entwicklung in Deutschland). K. Wol 
Zeits. f — ae hanik, June 29, 1928, pp. 1-4 
The historical ; is brielly mentioned. The design of 
Laboratory Measurement of Capacity, Power Factor, Dielectric Constant, Induc- 
tance and Resistance by Use of the Series Resistance Bridge. C. | 
Lyons, jl. ocient Insts., June 1928, pp. 188-194 





Continued from — issue, page 160. This ‘ 
r phase angle, diele« constant, resistance and inductar M.B.R 
Temper rature Sdissenamaats in Reseuch on Air-cooled Internal Combustion 
Engines. J. F. Alcock, Jl. Scient. Instr., June 1928, pp. 177-183 
Thermocouples used on air-cooled cylinders of ¢ lit tt V 
g ft ] t tl le { f he } 
Measurements were therefore made of th 
with a type of couple specially designed to reduce the error to a mit M.1 
The Photometer Bench. John F. Sutton, Jl. Scient. Instr., June 1928, pp. 184 
187. 
I uthor reviews the va is ty] i phot t 
p i view of accurate exper t rk k 
tial wher aking measure nts with ar f 
I varic il a tments 1 read 
r rated a are followed by a list of the met! | 
4 is given of a phot ter bench, wu t 
bi ind to be suitable for the curate par f kir MBE 
Fluid reece for Prime Movers. “Henry Schmidt, Elect. Jl., July 1928, py 
(354-358. 
t § n of operati chanisms ont ed 
scillo o Determine the Procedure in Electric Arc Weld- 
Tests with in Oscillogra bh to Det th Pr | Elect Arc Weld 
ing. (V ersuche mit dem Osz illogr aphen zur Erfors« hung der Vorgaenge 


im elektrischen Schweisslichbogen). K. Bung. E.u. M. Wien. May 27, 
1928, pp. 490-495. 
ing 18 ye ed - ; ‘5 = , 

New Tests with X-rays in the Welding Science. (Neueste Versuche mit Roent 
genstrablen in der Schweisstechnik). I. Kanter E u. M. Wien. May 27, 
1928, pp. 495-509. 

The use of the X-ray investigation in general, and es; lly the X-1 
taken up. The modern instruments and devices are discuss 








Page 22 


INSTRUMENTS 





August, 1928 


ENGLISH PATENTS 


REGULATING FLUID SUPPLY. L de 


Florez, Pomfret, Cor Pat No. 2 
WEIGHING APPARATUS. H. S n, Lt 
ind J. ¢ Brian, Manchester, England 


Pat. No. 287,998 
TESTING HARDNESS OF METALS. \W 
, I | Ey i Pat 


Br . 
WEIGHING APPARATUS. H. § n, Lt 
nd J. ¢ Br Manchester, Er 

Pat. N 288,012 
WEIGHING MACHINES. Maalschap; I 
Vervaardigur Van Snijmachit \ 
Werkt 33 I R 
I K Pater é V 
ter Holland. Pat. N 285 
PYROMETERS. Electroflo Meters (¢ I 
Abbey Road, Park Royal, London, Eng 


land. I No. 288,1 
REGULATING FLUID SUPPLY. | 
I Pomfret, Conn Pat No 


ELECTRIC MEASUREMENTS. Allmiina 

S\ ka Elektriska Akt get, Vaes 
weden. Pat. No. 288,125 

SPEEDOME TERS. Fabriques des Montres 
zZ ) I e, Switzerland ¢ 

FLUID ee SSURE REGULATORS. ( 

r Refining, Ltd., Montreal, 

( Pat N 288,166 

DELIVERING MEASU RED QUANTITIES 

OF LIQU ID. Kommandit een 





( 2 Wonaueschingenstrasse, Vien: 
me str Pa + No 288, 169 
ELE CTRIC ASK JREMENTS. British 
Thoms I ( : Ltd 1., Crown 
House, Ald h, London, England 
Pat. N 88,18¢ 
GAS METERS. Sox Je Construction et 
1'Exploitation de Compteurs Sec. 29 Ru 
W irtz, Paris, Frar Pat. No. 288,72 
SPEEDOME TERS. O. Mombur, 16 Ru 
Mi é Pat 


fontbauron, Versailles, Frar 

No. 288,28 

ELECTRIC MEASUREMENTS. Siemens & 
1] ? 


ske A. G. Siemensstadt, Berl 


( ny. Pat. No. 288,288 
SPEEDOMETERS. A... ere Plug (¢ 
Mich. Pat. N 2 3 
INDIC ATING — aD LEVEL. 5. G. S 
Dicker, England 


Pat No aa 8,381 
M. AGNI TIC COMPASSES. W. M. Bla 
len & W. G. Fryer, Edinburgh, §$ 


THI ODO! ITES, ETC. T. Y. Baker and 
R W Cheshire, Admiralty R arch 


Laboratory, Teddington, Middlesex, 
England. Pat. No. 288,41¢ 


TESTING POWER TRANSMISSION SYS. 
Highfield 


+ say W. Highfield and ¢ 
trical : » Ltd., Farady W 


nd. Pat. N 427 

SHIELDS FOR THERMOME TERS. G. A 

SI n, Royal Aircraft shment 

Saiaale Farnborough, Engl a Pat. N« 
288.432 

ats ANALYSIS APPARATUS. Electrofl 

Abbey Road, Park R l 


- ndor E: land. Pat. N 288,52 
CLOCKS AND WATCHES. M. Mayer 
Ickernstrasse, istrop-Rauxel, Gerr 
Pat. No cceee 
TIME-RECORDING APPARATUS. R 
Pironten, Bavaria, Germany. Pat. No 


Rk 5g 


— “RECORDING 7 hale R 
B N 


varia, Germany. Pat 


LINE AR DIMENSION GAUGES. L. Mu 
lat 8 Rue de Poitou, Paris, France 
1YGROME TRIC APPARAT( IS. Soc. Anot 
bl 1, 47 Rue Four 
t Pat t. N 288,604 
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[ n. Pat. N 288,685 
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re ¢ Inge | N 288 725 
PHERMOMETERS FOR ELECTRIC AP 
PARATUS. I Norris and Ferrante, 
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tingham, England. Pat. No. 288,900 
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No. 288,908 
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DELIVERING LIQUIDS IN MEASURED 
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If you are unable to find what you require in the Buying Section of In 
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formation of requirements. 


ALIDADES 
Wm. Ainsworth & Sons, Inc 
Otto Fennel Sons 


AMMETERS 
Indicating 
Hoyt Electrical Instrument Works 
Rawson Electrical Instrument Company 
Recording 
Bristol Company 
ANEMOMETERS 
B. K. Elliott Company 
Taylor Instrument Companies 
BALANCES 
Vm. Ainsworth & Sons, Inc 
BAROMETERS 
Aneroid, Mercurial, Recording 
Colonial Supply Company 
B. K. Filliott Company 
Taylor Instrument Companies 
BRAKE TESTING METER 
E. Cl ll 
CARBON DIOXIDE METERS 
Tagliabue Mfg. Co., C. J 
CARBON MONOXIDE METERS 
agliabue Mtg. Co., C. J 
COLORIMETERS 
Tagliabue Mfg. Co., C. J 
COMPASSES 
Wr Ainswort e Sor Ir 
Otto Fennel Sons 
CONSTRUCTION OF SPECIAL INSTRU- 
MENTS 
Tobe Deutschn 
Peterson, C. W 
Schaerr, W. A 
CONTROLS, AUTOMATIC 
Float 
American Radiator ( 
Motor 
American Radiator Cx 
Pressure & Vacuum 
American Radiator Cor 
Bristol Con y 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Comy 
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Pyrometer 
Bristol Company 
Taylor Instrument Comy 
Wilson-Maeulen Company 
Refrigeration 
American Radiator Compar 
Temperature 
American Radiator Company 
Bristol Company 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 
Wilson-Maeulen Company, Inc. 
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Thermometer 
Bristol Company 
Tagliabue Mfg. Co., C. J. 
Taylor Instrument Companies 
Wilson-Maeulen Company, Inc. 


Thermostat 
American Radiator Company 
Bristol Company 
Taylor Instrument Companies 
Unit Heater 
American Radiator Company 
Valve—Motor Operated 
American Radiator Company 
Bristol Company 
Taylor Instrument Companies 
Water Level 
American Radiator Company 
Bristol Company 
COUNTERS 
Revolution 
Adde Company 
Barbour St 
Bristol Company 
Lehman & Michels 
Stroke 
Adde Company 
Bristol Company 
Lehman & Michels 
DEMAND METERS—see Meters 
DRAFT GAUGES—see Gauges 
ENGINE INDICATORS 
Lehman & Michels 
FLASH POINT TESTERS 
Tagliabue Mfg. Co., C 
FLOW METERS—see Meters 
FLUXMETERS 
Rawson Electrical Instrument Co 
FREQUENCY METERS 
Recording 
Bristol Company 
GAS ANALYTICAL METERS 
Chemical 
Tagliabue Mfg. Co., C. J 
GAUGES 
Indicating 
Draft 


Taylor Instrument Companies 
Water Level for Boilers 
gristol Company 
Rain 
B. K. Elliott Company 
Taylor Instrument Companies 
Recording 
Distance 
Bristol Company 
Draft 
Bristol Company 


Industrial and Scientific, fill in the form on page 27 and we 
will obtain full particulars for you without charge. Give complete 1 
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Pressure & Vacuum 
Bristol Company 
Colonial Supply Company 
Tagliabue Mfg. Co., ¢ J 
Taylor Instrument Companies 
Water Level for Boilers 
Bristol Company 


GROUND- cag R 
Herm H. Sticht &? Company 
HARDNESS ‘TESTERS 
Wil faeulen Company, Inx 
HUMIDITY RECORDERS 
Wet & Dry Bulb Thermometers 
Bristol Company 
Tagliabue Mig Ca, C4 
Taylor Instrument Companies 
io, TERS 
sliabue Mfg. Co., C. J 
I ayia Instrument Companies 
HYG ROME TE RS 
ppl ( 
Taylor ‘Inst ument ( I 8 
IMPACT TESTING MACHINES 
Alternating 
LEVELS 
Engineer’s, Wye, 
Wr Ait 


son-! 


Precision 
rth. & Sor I; 
B. K. Elliott Company 
Otto Fennel Sons 
LOMOTIVE INDICATORS 
ehman & Michels 
MANOMETERS 
MEGOHMMETERS 
Herman H. Sticht and Company 


METERS 
Demand 
Gas 
Flow 
Gas & Air 
Lineal Measuring 
Adde Company 


Pressure 
MICROAMMET! RS 
wson Electrical Instrument ( 
Wilson-Mac ulen Company, I: 
'CROSCOPES 
brinell 


Metallographic 
E. Leitz, I 


Petrographical 
Leitz, In 
Toolmakers’ 
MILLIAMMETERS 
Hoyt Electrical Instrume 
Rawson Electrical 
Wilson-Maeulen Ce 
MILLIVOLTMETERS 


vompany 


ympany, Inc 


INSTRI 


nt Works 
Instrument Comy 


Hoyt Electrical Instrument Works 
Rawson Electrical Instrument Con 
Taylor Instrument Companies 


Wilson-Maeulen Company, Inc 


MODEL CONSTRUCTION 
Peterson, C. W. 
Schaerr, W. A 

MOTION RECORDERS 

Mechanical 

Barbour Stockwell Company 
Bristol Company 
Lehman & Michels 

OHM METERS 


Rawson Electrical Instrument Comy 
and Company 


Herman H. Sticht 


OIL TESTING APPARATUS 
Tagliabue Mfg. Co., C. J 
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OPERATION RECORDERS 
Electrical 
Br 


PERFORMANCE METER 
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PERISCOPES 
PHOTOMETERS 
PHYSICAL TESTING MACHINES 


PLANIMETERS 


Linear 


Radial 


POSITION RI ¢ ORDE RS 
PRESSURE METI RS—see Meters 


PSYCHROMETER 
Rec ording 


Tag t Mf ¢ ( ( ] 
Sling 
( 
I r I e 4 [ 
PYROMETERS 
Optical 
Pyr I 


Radiation 
Indicating 
( lor ] 


Pyrometer Inst nt ¢ 
Taylor Instrument Compan 
Recording 
Thermo-electric 
Immersion 
ristol Company 
Pyrometer Instr nt Cor 
Taylor Instrument Companie 
Wilson-Maeulen Company, In« 
Indicating 
Bristol Company 
Taylor Instrument ( panies 
Wilson-Maeulen Company, Ir 
Recording 
Bristol (¢ 
Taylor Instr nt ¢ [ 8 
Wilson-M len Ce JI 
Surface Contact 
Ry ( 


Taylor Instrument ( 
REFRACTOMETERS 
SACCHARIMETERS 


SLIDE RULES 
SPECIAL INSTRUMENTS 
B i Stock C | 
I A W 
S W A 
SPECIAI ELECTRIC Al peta es 
R r t . netr ne ( nar 


SPECTROSCOPES 
SPECTROPHOTOMETERS 


STEEL TAPES 
WU A ir < Ir 
( 1 Supy ( ‘ 
Otto Fennel Sons 
STRESS INDIC ATOR 
I a ? Mick 
TACHOMETERS 
Barbour Stock ( 
} ( f 
Colonial Supply Com 
T D ¢ t r { 
Le r M 
P Ir t ¢ ipa 


ern in H Sticht ind ¢ om Res 


TELESCOPES 
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TPHEODOLITES TPHERMOSTATS 
A ¢ } r { 
ie , c Bristol ¢ pany 
? Taylor Instrument ( 
THERMO-JUNCTIONS (Electric) TORSIOGRAPH 
Rawson Electrical Instrument y { 
. TRANSITS 
THERMOMETERS Engineer’s, Surveyors, Mine 
Gas Filled A , 2 § Ir 
Indicating and Recording B. K. } tt Comy 
Bristol Company Ort Fennel Sons 
Colonial Supply Company VIBROGRAPH 
I r Instrur t ( : M 
Tag xe Mfg. Co., ¢ VISCOSIMETERS 
Mercurial Tagl bue Mfg. Co., C. J 
“ en | VOLT METERS 
7 gliat u Mfg. ( o ( J a Electr 1 Instrument Works 
Taylor Instrument ( panies R n Electrical lastrument Con 
THERMOMETERS, Cont'd. Recording i 
Resistance WATTMETERS 
Indicating Indicating 
Wilson-M n Company, | n Electrical Instrument Com 
Recording Recording 
W ilson-M Company, Ir Brist ( 











ees =I == IE eee 


: Card Section : 

















(le pe oe SEE I= Se eS! 
CLASSIFIED CARD SECTION ADVERTISING RATES 
Boxed Display Space, 2 x 7g ins. $10.00 per insertion 
Positions Wanted Advertisements, 2 x 7 ins. 5.00 per insertion 


Address your advertisements and replies to 
INSTRUMENTS PUBLISHING COMPANY 
1117 Wolfendale Street 
Pittsburgh, Pa. 
NOTE: Samples, literature, catalogues, etc., requiring more than 2 cent postage should not be 
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Pyrometer Instrument Co., H St N y 
R 
Rawson Electrical Instrument Co., \ N 
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Schaerr, W. A., 6 Gold St Brookl N. ¥ 
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SUBSCRIPTION FORM 
INSTRUMENTS PUBLISHING COMPANY, 
1117 WOLFENDALE ST., PITTSBURGH, PA 


Please enter my subscription to begin with the next issue. I en 
close $ , payment for a period of year(s) in accord 


ance with the rate shown below. 


w-—> Please Print or Fill in With Typewriter <a 


Name... istesnacaticas 
Street 

City € State 

My Position is 


a 
Company 


RATES 
United States, 1 year $2; 2 years $3 


Foreign, 1 year $5; 2 years $8 


Money orders and checks should be made payable to 


INSTRUMENTS PUBLISHING COMPANY 


I am interested in the following checked items: 


Instruments for the measurement of: 


1. General 9. Heat Units and C 

2. Length, Area, Volume | Pre e Difference 

3. Solid, Granular & Powdered 11. Speed, A ( Time 
Materials 12. Specif ( , yi 

4. Liquids. 13 P} ysical Propertie 

5. Gases, Air and Steam 14 Vibr ae I ( 

6. Electrical Energy en Pneragarudntaa 

7. Power, Work and Output 15. Chemical Analysis 

8. Temperature and Moisture 16 
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Chief Engineer 
Mechanical Engineer 
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Maintenance Engineetceccnssssnssssus 
Production Engineer... 
Efficiency Engineer 

Chief Inspector 

Chief Electrician 

Instrument Man 

Pyrometer Man 

Chemist 

Metallurgist 

Physicist 

Research Engineer 

Test Engineer 

Plant Librarian 
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f men holding the following positions in your com 


a service as they will be interested in 
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Below are standard file cards, which the editor believes will be a valuable asset to 
you personally. These cards will be bound in each issue of Instruments and will cover 
the original articles contained in that issue. The color of the card and ink to be used 
is shown here. This will facilitate distinguishing the INSTRUMENTS FILE CARDS 
from others with which they might be consolidated 

The editor suggests that these cards be carefully cut out immediately on receipt of 
INSTRUMENTS and filed in your desk or in a file box on top of your desk. You will 
then have within easy reach an index of instrument information of incalculable value 

The card is arranged with a space for classification subject or number at the top 
Suggestions as to classifications for the cards below are 

GEODETIC LEVELING 
TEMPERATURE MEASUREMENT 








THE GEopeTic LEvEL Rop—lIts DESIGN AND METHODS OF CONSTRUCTION 


D. L. PARKHURST, INSTRUMENTS, Vol. 1, No. 8, pp. 347-350, 2 fig 


The design of the Geodet Level Rod is taker t ef 
ect of temperature changes, swelling of the 1, temperatut Jeterminat rm 

) sagging are discussed 

The old method of graduating the rod ’ A tit 1 } } 
Instrument Division, U. S. Coast and Geodet S 











MEASUREMENT OF TEMPERATURES IN BOILER FURNACES 


J. A. STEIN, INSTRUMENTS, Vol. 1, No. 8, pp. 351-353 


The various pyrometric devices available for the measuremer f boiler furnace 


briefly discussed and their limitations mentioned 
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INSTRUMENTS FOR THE SOLUTION OF TRIANGLES AND OTHER POLYGONS 
DR. JOSEPH EUGENE ROWE, INSTRUMENTS, Vol. 1, No. 8, pp 


A new calculating instrument which has the 
mputations in surveying; basis for automatic surveying ins 
id at sea; enable an aircraft to loc ate itself and t 11d in teaching mathematics Example 

the use of the instrument are given 





€ 








DESIGN OF INSTRUMENT TRANSFORMERS 
JAMES S. MARTIN, INSTRUMENTS, Vol. 1, No. 8, pp. 359-370, 11 
Reprint of a lecture given before the fourth annual meter school at the Carnegie Ins 


logy. The function of instrument transformers is given and the difficulties to be over 
vith the methods of overcoming these difficulties 








A New TuRBIDIMETER 
DR. W. EWALD, INSTRUMENTS, Vol. 1, No. 8, pp. 371-375, 2 figs 


Che instrument and its construction is briefly described 
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Line 


The Taylor Instru- 
ment Companies of- 
fer you a complete 
line of superior in- 
struments for indi- 
cating, recording or 
controlling tempera- 
ture, pressure and 
= humidity. Corre- 
spondence on your 


requirements is in- 





vited. 












Temperature 


Ci O S Instruments 


INDICATING - RECORDING- CONTROLLING ks 
\\ 4A oes 


Taylor Instrument Companies 


PLANT MANUFACTURING DISTRIBUTORS 


ILDING ROCHESTER.N.Y., U.S.A. IN GREAT BRITAIN 


) id 
SHORT & MASON, LTD., LONDON 

















Diesel Exhaust Temperatures Accurately 
Checked with Bristol’s Pyrometers! 
it YMPARISON of temperature with the color of the ex! 


gas of each cylinder affords an excellent means for obser 
the relative cylinder efhciency. Such conditions as unequal 
distribution, varying spray press 
inefhcient combustion, and _ late 
early firing can be detected by 
Operator. 

For this particular service we | 
ommend the Bristol High Resistai 
Model 420 Pyrometer, which is { 
nished with Multiple Point Rot 
Switch for quick reading of each 
inder by simply turning the swit 
This instrument as illustrated h 
wide open 7-inch scale and is 
















































easy to read. For measuring ele! F 
in the instrument, a high resist 
“Weston” Milli Voltmeter is used. This movement is equip} 
with an accurately balanced moving coil and point. It is extren 
sensitive having a resistance of 15 D 
to 20 ohms per milli-volt. The in- 
strument is also well damped, mak- 
ing it dead-beat in operation. Cali | 
brated for scale range of 50 to 
1100° F. it is recommended as 
most suitable for Diesel Engine Ex- 
haust Temperatures. 
No Cold-End temperature error 
is possible with this Pyrometer be- n 
cause it is equipped 
with Automatic Inter 
nal Cold-End Com, PIE Sy NR gee I 
pensator, which is an samme oy mmegher « 
pi ORIGINAL FEATURE N 





Standard couple fixture for Diesel Engine. a ISTC aL 5 si rometers. 
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